-NCS  TIB  81-4 


NATIOHAL  COMMUNICATIONS  SYSTEM 


^3% 


TECHNICAL  INFORMATION  BULLETIN 

"81-4^ ' 

CCITJ  STUDY  GROUP  XVIII 
WORK  PROGRAM  1981-^4; 
(INTEGRATED  SERVICES 
DIGITAL  NETWORK) 


7/yJUN»81/ 


n  Q 


APPROVED  FOR  PUBLIC  RELEASE  u , 
DISTRIBUTION  UNLIMITED  it '  ' 

8  07  070 


Best 

Available 

Copy 


Unclassified 


security  classification  of  this  page  (When  Date  Enlarad) 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


REPORT  DOCUMENTATION  PAG.E 


I.  REPORT  NUMBER  2.  GOVT  ACCESSION  NO.  3.  RECIPIENT'S  CATALOG  NUMBER 

NCS  TIB  81-4 


4.  TITLE  (and  Subtitle) 


1981-84  CCITT  Study  Group  XVIII 

Work  Program  (Integrated  Services  Digital 

Network  (ISDN)) 


S.  type  of  REPORT  a  PERIOD  COVERED 

Interim 


6.  PERFOfRMING  ORG.  REPORT  NUMBER 


7.  AUTHORfa) 


International  Telegraph  and  Telephone  Consulta¬ 
tive  Committee  (CCITT) 


8.  CONTRACT  OR  GRANT  NUMBERfsi 


9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 


10.  program  element,  project,  TASK 
AREA  a  WORK  UNIT  NUMBERS 


1 1.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 


12.  REPORT  DATE 

June  1981 


13.  number  of  pages 


14.  MONITORING  AGENCY  NAME  &  AOORESSfi/  dUiemt  from  ConttolUng  OUico)  15.  SECURITY  CLASS,  (of  thia  roport) 

Office  of  Technology  and  Standards  Unclassified 

National  Communications  System 
Washington,  D.C.  20305 


ISa.  DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 


16.  DISTRIBUTION  STATEMENT  (ot  thia  Report) 


Distribution  unlimited;  approved  for  public  release. 


17.  DISTRIBUTION  STATEMENT  (of  the  ebatreet  aalered  In  Block  20,  If  dlllermt  from  Report) 


19.  KEY  WORDS  (Continue  on  reveraa  aide  It  nacaaaary  and  Identify  by  block  number) 


ISDN 

CCITT  Study  Group  XVIII 
Integrated  Digital  Networks 


Timing 

Speech  Coding 


ABSTRACT  (CaatRiua  anravaraa  at^  H  nacaaaary  and  Identify  by  Stock  miaibarj 

his  Technical  Information  Bulletin  (TIB)  preprints  the  text  of  the  Questions, 
approved  by  the  International  Telegraph  and  Telephone  Con'^ultative  Committee 
(CCITT)  1980  Plenary  Assembly,  for  study  by  CCITT  Study  '  jup  XVIII  during  the 
1981-84  study  period.  These  questions,  relating  to  the  Integrated  Services 
Digital  Network  (ISDN),  provide  an  insight  into  the  direction  international 
standards  and  networks  are  heading,  and  how  they  will  look  in  the  future,  pr 


1  JAM  73 


1473  EDfnON  OF  t  NOV  6S  IS  OBSOLETE 


Unclassified 

SECURITY  CLASSIFICA*.  ION  OF  THIS  PAGE  (WIran  Data  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfUTien  Dais  Enttrad) 


NCS  TECHNICAL  INFORMATION  BULLETIN  81-4 


(P- 

1981-84  CCITT  STUDY  GROUP  XVIII  WORK 
PROGRAM  (INTEGRATED  SERVICES  DIGITAL  NETWORK  (ISDN)) 


JUNE  1981 


PROJECT  OFFICER: 


ROBERT  M.  FENICHEL 
Electronics  Engineer 
Office  of  NCS  Technology 
and  Standards 


APPROVED  FOR  PUBLICATION: 


MARSHALL  L.  CAIN 


Assistant  Manager  for 
NCS  Technology  and 
Standards 


FOREWORD 


Among  the  responsibilities  assigned  to  the  Office  of  Technology  and 
Standards,  National  Communications  System  (NCS),  is  the  management  of  the 
Federal  Telecommunication  Standards  Program,  which  is  an  element  of  the 
overall  GSA  Federal  Standardization  Program.  Under  this  program,  the  NCS, 
with  the  assistance  of  the  Federal  Telecommunication  Standards  Committee, 
identifies,  develops,  and  coordinates  proposed  Federal  Standards  which  either 
contribute  to  the  inteoperability  of  functionally  similar  Federal 
telecommunication  networks  or  to  the  achievement  of  a  compatible  and  efficient 
interface  between  computers  and  telecommunications.  In  developing  and 
coordinating  these  standards,  considerable  effort  is  expended  in  initiating 
and  pursuing  joint  standards  development  efforts  with  appropriate  technical 
committees  of  the  Electronic  Industries  Association,  the  American  National 
Standards  Institute,  the  International  Organization  for  Standardization,  and 
the  International  Telegraph  and  Telephone  Consultative  Committee  (CCITT)  of 
the  International  Telecommunications  Union.  This  Technical  Information 
Bulletin  presents  a  reprint  of  questions  allocated  to  CCITT  Study  Group  XVIII 
for  the  1981-1984  plenary  period  (document  COM  XVIII  -  No.  1-E).  These 
questions,  relating  to  the  Integrated  Services  Digital  Network  (ISDN),  provide 
an  insight  into  the  direction  international  standards  and  networks  are 
heading,  and  how  they  will  look  in  the  future.  Any  comments,  inputs  or 
statements  of  requirements  that  could  assist  in  the  advancement  of  this  work 
are  welcome  and  should  be  addressed  to: 


Office  of  Technology  and  Standards 
National  Communications  System 
Washington,  DC  20305 
Telephone  (202)  692-2124 
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TITLE  QUESTIONS  ALLOCATED  TO  STUDY  GROUP  XVIII  .='OR  THE  PERIOD  1961-196U 


1.  This  contribution  gives  the  texts  of  the  Questions  approved  by  the 

Vllth  Plenary  Assenbly  of  the  CCITT  for  study  by  Study  Group  XVIII  in  the  period 
1981-1934. 


Adsiinistrations ,  recognized  private  operating  agencies,  international 
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of  these  Questions  and  to  send  them  to  the  CCITT  Secretariat  as  soon  as  nossible. 


2.  The  attention  of  participants  in  the  work  of  the  CCITT  is  drawn  to  the 

following  provisions  extracted  from  the  ".Additional  rules  of  procedure  of  the  CCITT" 
(as  amended  by  decisions  of  the  Vllth  Plenary  .Assembly,  to  appear  in  the  Yellcw  Book, 
Volume  I,  Resolution  No.  1}  ; 


i)  "Contributions  which  are  to  be  distributed  in  the  normal  way  before  the 
meeting  in  the  three  working  languages  of  the  Union  (as  white  documents) 
must  reach  the  CCITT  Secretariat  at  least  three  months  before  the  date 
of  the  meeting  for  which  they  are  intended." 
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the  Questions  should  be  separated  so  that  the  text  of 
begins  on  a  fresh  sheet  of  paper  (not  on  the  back  of 


A  contribution  sho’old  not  as  a  general  rule  exceed  about 
(five  pages),  nor  include  sore  than  three  pages  of  figur 
pages  in  all).  The  contribution  should  be  accompanied  b 
should  be  followed  by  conclusions  whenever  possible.  Fo 
Recommendations  and  for  contributions  submitted  by  Speci 
the  above  directives  should  not  apply. 


es  (maki.ng  eight 
ly  a  summary  and 
>T  draft 

al  Rapporteurs, 


iii)  Documents  of  purely  theoretical  interest  which  are  not  -directly  related 
to  the  Question  under  study  should  not  be  submitted  in  their  entirety. 
Short  abstracts  only  of  such  articles  could  be  sent  to  the  CCIK’  for 
translation  and  publication. 

iv)  Articles  which  have  been  or  will  be  published  in  the  technical  press 
should  not  be  submitted  to  the  CCITT.  Short  abstracts  only  of  such 
articles  could,  however,  be  sent  to  the  CCITT  for  translation  ana 
publication. 


v)  Passages  of  an  unduly  commercial  nature  included  in  a  contribution  may  be 
deleted  by  the  Director  of  the  CCITT  in  agreement  with  the  Chairman;  the 
author  of  the  contribution  will  be  advised  of  any  such  deletions." 


2. 3  Distribution  and  format 


i)  "Contributions  should  be  drafted  in  one  (or  more)  of  the  working  languages 
of  the  Union  and  three  copies  sent  to  the  CCITT  Secretariat,  with  further 
copies  to  be  sent  by  contributors  direct  to  the  Chairman  and  Vice-Chairmen 
of  tne  Study  Group  and  tc  the  relevant  Chairmen  of  the  Working  Parties 
and  Special  Rapporteurs. 


It  is  recommended  that  a  translation  of  contributions  in  another  workit 
language  be  sent  to  the  CCITT  Secretariat." 

ii)  "Contributions  should  be  submitted  on  very  white  paper  of  AU  format,  in 
clear  back  type.  If  the  paper  is  not  of  .A4  format,  the  text  on  each 
page  should  not  exceed  that  format. 

The  top  half  of  the  first  page  shoiu-d  be  left  blank." 


i.ne  addresses  of  the  Chairman  and  yice-Cnairmea  of  Stud; 
given  in  Table  1. 
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QUESTION  1/XVIII  -  General  network  aspects  of  an  Integrated  Services  digital 
Network  (ISDN)  (continuation  of  part  of  Question  1/XVIII, 
studied  in  1977-1980) 

This  Question  is  concerned  with  overall  studies  related  to  the  general 
features  of  future  Integrated  Services  Digital  Networks  capable  of  satisfying  the 
requirements  of  many  different  services.  Study  Group  XVIII  will  define  the  scope  and 
framework  of  em  ISDN  and  identify  the  services  which  may  be  incorporated  in  such 
networks.  It  will  study  the  evolution  of  Integrated  Digital  Networks  (IDNs)  dedicated 
to  specific  services  (e.g.,  telephony,  data)  towards  an  ISDN. 

The  objectives  will  be  to  define  overall  network  and  system  principles  which 
can  form  a  basis  for  study  and  Recommendations  by  appropriate  specialist  CCITT 
Study  Groups.  The  generic  features  appropriate  and  applicable  to  an  ISDN  will  be 
identified  together  with  optional  service  dependent  features  applicable  to  part  of  an 
ISDN. 

The  study  of  the  following  five  related  aspects  will  take  into  account  the 
considerata  arising  from  studies  carried  out  diuring  the  1977-1980  study  period  as 
recorded  in  Annex  A  to  this  Question.  In  addition,  the  multiple  aspects  of  this  work 
require  coordination  between  the  various  Study  Grou-s  irvolved  (e.g..  Study  Groups  III, 
Vlf,  XI,  XV,  XVI,  XVII  and  XV). 

Some  of  these  Questions  have  to  be  studied  initially  by  Study  Group  XVIII , 
with  high  priority,  to  enable  other  Study  Groups  to  initiate  or  continue  their  work 
and  to  draft  Recommendations  within  the  current  CCITT  study  period.  In  other  cases 
Study  Group  XVIII  needs  information  from  other  Study  Groups  in  order  to  make  progress 
in  its  own  network  studies. 

Recommendation  No.  G.705  provides  information  and  f 'ture  developments  of 

the  ISDN. 

Studiea  of  ISIS  aspects  were  carried  out  under  Question  l/XVllI  during  the 
1977-1960  study  period  end  a  partial  reply  to  that  Queetion  is  reproduced  as  Annex  1 
to  this  new  Question.  Annex  2  records  msny  points  already  identified  and  of  relevance 
to  the  ongoing  studies.  Annexes  3  and  it  contain  sigiificant  infonsation  which  was 
not  fully  ccmaidered  before  the  end  of  the  ntudy  period.  These  Annexes  are  also  of 
relevance  to  other  new  Questions  of  Study  Group  XVIII. 

Note  :  The  Chairoen  and  Vice-Chairmen  of  the  Study  Groups  involved  (Study  Groups  III, 

VII,  XI,  XV,  XVI,  XVII  and  XVIII)  will  jointly  assess  the  progress  made  by  the  various 
Stu^  Groups  and  initiate  any  steps  necessary  to  expedite  the  work.  This  should  take 
place  at  about  the  middle  of  the  study  period  (e.g.  beginning  of  198s),  with  the 
Chaimsn  of  Study  Group  XVIII  acting  as  convenor  for  this  coordination. 

Considering 

a)  that  the  requirements  of  data  transsiission  services  and  several  new  non-voice 

services  are  being  studied  by  CCITT. 

Note  :  In  several  countries  services  dedicated  digital  networks  are  already  in  service 
or  will  be  instalLcd  for  non-voice  services  that  may  use  part  of  the  ISDN  for  access 
to  this  network. 


(22) 
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b)  many  countries  wish  to  adopt  a  oomason  strategy  for  extending  the  use  of 
Integrated  Digital  Networks  (IDN)  beyond  the  telephony  application  to  form  Integrated 
Services  Digital  Networks, 

c)  telephony  service  will  constitute  the  major  portion  of  the  carried  load  on 
digital  networks  characterized  by  time  division  transmission  and  switching  and 
common-channel  signalling, 

d)  efficiency  and  econony  of  methods  of  access  to  the  ISDN  from  customer 
terminals  are  significant  factors  in  planning  the  local  network, 

e)  CCITF  Recommendations  on  digiteil  switching  and  inter-exchange  signalling, 
which  take  into  account  the  future  evolution  of  the  IDN  for  telephony  towards  the 
ISDN,  are  already  available  in  the  Q  aeries  and  may  form  the  basis  for  further 
Recommendations  on  ISDN. 

Point  A.  Service  aspects 

1.  Which  services  should  be  taken  into  account  in  the  establishment  of 
network  feat\ires  of  the  ISDN  7 

2.  What  are  the  network  feattires  needed  to  siqjport  these  services  7  Which 
network  features  should  be  regarded  as  general  throughout  the  ISDN,  and  which  should 
be  classed  as  service  dependent  for  particular  service  applications  7 

Note  :  Among  other  network  features,  attention  should  be  paid  to  charging  so  that 
adequate  information  could  be  made  available  for  charging  purposes. 

3.  For  which  services,  if  any,  should  a  change  of  service  on  an  established 
connection  be  envisaiged  7  What  are  the  i]!q)lication8  and  requirements  of  such  a 
feature  7 


1.  What  kinda  of  leased  paths  will  be  required  in  the  Ism  when  it  is  in 

widespread  operation  7 

Note  1  :  Services  should  he  identified  which  will  siq)plant  existing  leraed  line 
services. 

Note  2  :  Consideration  should  be  given  to  the  use  of  semi -permanent  connections, 
closed  user  group  and  hot-line  features,  remote  switching  units  etc. 

Point  B.  Network  aspects 

1.  What  are  the  principles  in  tenos  of  network  structure  and  aystems 
architecture  which  define  the  ISDN  and  which  form  the  basis  f  '-r  stuify  of  specific 
aspects  7 

2.  Should  layered  protocols  and  functional  layers  be  adopted  for  ISDN  to  form 
the  basis  of  CCI^  Recoimendationa  7  If  so,  what  are  the  characteristics  of  this 
layering,  and  in  ^ich  way  is  the  ei'raept  of  functional  layers  used  with  respect  to 
sub-systems,  such  as,  e.g. ,  the  signalling  channels  7 

3.  What  are  the  implications  of  ISDN  on  nusibering  plans  and  service  indicators 
for  telephony  and  other  services  7 

What  methods  of  voice  band  encoding  other  than  standard  PCM  (see  also 
Question  7/XVIII)  and  what  forms  of  digital  speech  interpolation  can  be  considered  in 
relation  to  the  evolution  of  the  ISDN  7 
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Point  C-  niiBf-.fugr  *ecei» 

Uh>t  are  the  principles  in  terms  of  network  structure  snd  syateos 
architecture  which  define  custoster  access  to  ISDN  and  which  shouj.d  form  the  basis  of 
studies  of  related  transmiasion,  switching*  signalling  and  interface  aspects  7 

Point  D.  Interworking 

What  are  the  principles  which  should  fora  the  basis  for  detailed  study  of  me 
interfaces  interconnections  and  interworicing  between  ISIHI  and  senrice  dedicated 
networks  T 

Hie  following  specific  points  should  be  inr  *'*4  in  the  studies  : 

i)  At  what  point  in  the  connection  should  spe-  .  ..  ,,‘icessing  for  interworking 
be  aLceoi^lished  (e.g. ,  in  the  originating  o.  •'.en  Inatiss  country)  7 

ii)  What  networks  should  be  given  preference  to  coi^ete  connections  in  a  transit 
call  situation  t 

iii)  What  special  problem  arise  from  the  use  of  isn  to  provide  interconnections 
of  particular  services  (e.g.*  according  to  X.21,  etc.)  via  different 
networtu*  and  what  restrictions  or  restraints  should  be  placed  on  services 
or  networks  when  interworking  (e.g.,  to  aeeoaeKidate  accounting,  timing  and 
signalling,  features)  7 

iv)  What  methods  should  be  recomended  for  acc<.  using  one  network  from  another  7 

v)  Row  should  eonversions  be  accosqiaisbed  (e.g.  data  to  data,  voice  to  data)  7 

vi)  What  arrangements  or  proMdures  are  needed  to  accommodate  the  accounting 
function  for  a  connection  involving  mixed  networks  7 

vii)  What  influence  would  different  national  applications  of  service  integration 
have  on  the  international  network  with  regard  to  interworking  7 

viii)  What  special  problems  arise  from  the  use  of  ISPN  to  interconnect  networks 
carrying  services  to  existing  standard  terminal  interfaces  7 

ix)  What  are  the  possibilities  of  application  of  service  bits  allocated  in 

primary  PCM  and  higher  order  digital  systems  in  national  and  international 
digital  networks  7 

Point  E.  Guidelines  to  facilitate  evolution  towards  ISDH 

Which  strategy  should  be  followed  in  order  to  facilitate  and  speed  up  the 
establishment  of  a  worldwide  ISDN  7 


Note  :  It  should  be  taken  into  consideration  that,  in  the  introductory  period,  it  will 
be  necessary  to  establish  an  all-digital  network  mainly  for  the  needs  of  "business 
subscribers"  who  represent  only  a  small  percentage  of  the  overall  number  of  subscribers 
but  who  originate  a  s»d)stantial  portion  of  the  traffic.  It  may  be  useful  to  create  a 
digital  "overlay  network"  in  each  country  and  to  interconnect  these  national  networks 
by  digital  links. 
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Annex  1 

(to  Question  1/XVIII) 

Partial  reply  to  Question  1/XVIII'.  point  A 
(study  period  1977-1960 i 


1,  Introduction 


During  the  1977-1900  study  period,  members  of  Study  Group  XVIII  have 
reflected  increasing  interest  in  ISDN  as  a  possible  means  of  enhancing 
telecoBffiunication  networks  to  siq)port  an  increeising  range  of  services.  An  important 
aspect  of  the  work  has  been  the  extension  of  digital  techniques  to  the  pustomers* 
premises  to  give  digital  access  to  ISDN. 

ISie  relevant  part  of  Question  XVIIl/1  is  reproduced  for  reference 
purposes  :  "On  what  general  philosophy  should  the  design  and  introduction  of  digital 
systesss  be  based  7  For  example,  what  principled  should  be  applied  for  the 
implementation  of  dedicated  integrated  digital  networks  (IDNs)  for  various  services 
and  what  provisions  should  be  made  to  facilitate  the  evolution  towards  the  possible 
future  integrated  services  digital,  network  (ISDN)  7" 

2.  Recommendation  G.705  provides  information  concerning  the  future 
development  and  evolution  of  the  ISDN. 

3.  In  view  of  the  urgent  interest  in  general  ISDN  matters,  and  the  availability 
of  recent  documentation  which  had  not  been  fully  discussed  before  the  final  meeting 
of  Study  Group  XVIII,  it  was  agreed  that  a  means  should  be  found  of  continuing  the 
work  and  preparing  documentation  to  form  an  early  input  to  studies  in  the  next 

study  period.  Although  the  formal  CCITT  organization  does  not  make  specific  provisions 
to  continue  studies  during  the  transition  period  from  one  plenary  period  to  the  next. 
Study  Group  XVIII  invited  the  Rapporteur  for  ISDN  aspects  (Question  1/XVIII,  point  A 
of  the  1977-1980  study  period)  to  continue  work  by  correspondence  with  delegates  of 
other  countries  who  had  already  expressed  a  wish  to  participate  in  this  work.  It  was 
also  foreseen  that  it  might  be  desirable  to  have  a  meeting  of  those  involved  very 
early  in  the  next  study  period.  An  approach  would  be  made  to  the  Chairman  designate 
of  Study  Group  XVIII  to  make  the  arrangements,  should  such  a  meeting  be  necessary. 

k.  In  order  to  give  some  interim  .<uiidance  to  national  studies  of  ISDN  and  related 

development  work.  Study  Group  XVIII  drew  attention  to  the  points  of  view  expressed  in 
the  following  paragraphs.  These  were  si^ported  by  Study  Groig>  XVIII  and  therefore 
reflect  confidence  in  the  approach  indicated.  The  points  are  recorded  imder  headings 
which  identify  different  aspects  of  ISON  and  facilitate  separation  of  the  subject 
into  reasonable  study  areas. 

5.  Service  asnects 

Information  exists  on  a  wide  range  of  existing  and  new  voice  and  data 
services,  and  it  is  recognized  that  ISDN  has  generic  features  capable  of  supporting 
many  of  these.  In  addition  there  is  scope  for  adding  service-dependent  features  to 
appropriate  parts  of  the  network  to  satisfy  particular  requirements  or  to  give 
interworking  access  to  service -dedicated  networks.  Thus  the  possible  implications 
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of  all  services  will  need  to  be  considered  in  the  future,  but  it  is  proposed  that 
initial  attention  should  be  concentrated  on  : 

-  Digital  tele^ony  to  ensure  that  adequate  provision  is  made  for  the 
predominant  service. 

-  New  services  for  which  the  capabilities  available  on  ISDN  are  sufficient. 

6.  Network  aspects 

Hie  telephone  network  will  evolve  towards  an  IDN  with  switched  6U  kbit/s 
telephony  channels  and  it  is  expected  that  other  services  would  be  integrated  with 
that  network  during  evolution  towards  an  ISDN. 

Constraints  may  be  placed  on  the  use  of  the  6U  kbit/s  capacity  to  accord 
with  internationally  agreed  standards  for  some  services.  Connections  throu^  ISDN 
could  be  switched  or  semi -permanently  connected  and  "wider-band"  services  may  be 
carried  by  using  multi-slot  connections  at  n  x  61i  kbit/s.  All  ISDN  exchanges  are 
elected  to  have  stored  program  control  and  inter-change  sigsalling  (CCITT  No.  7 
enhanced) I  with  digital  transmission  paths  on  routes  offering  full  ISDN  service 
capabilities.  Provision  must  be  made  for  restricting  service  when  interworking  with 
equipment  or  networks  having  limited  capability  (e.g.  calls  routed  through 
transmultiplexers  or  into  the  analogue  telephony  network ) . 

7.  Local  network  access 


Digital  traaamissi<'<n  techniques  in  the  local  network  will  extend  ISDN 
to  customertf  premises  over  a  basic  access  which  may,  for  example ,  be  at  72  or  6o 
kbit/a.  Other  types  of  access  will  be  considered  as  appropriate.  Hie  basic  access 
will  then  provide  a  kbit/s  information  channel  and  a  separate  channel.  The 
6U  kbit/s  channel  may  be  dedicated  to  a  particular  service  or  used  alternatively  for 
voice  or  data,  and  on  an  established  digital  connection  the  path  may  be  sub-divided 
for  several  lower-rate  services.  Capacity  of  the  separate  channel  is  expected  to  be 
8  or  16  kbit/s  and  would  carry  customer/network  signalling  and  possibly  low  speed 
telemetry. 


Two  methods  of  further  exploiting  the  separate  channel  have  been  identified  : 

i)  One  method  foresees  that  the  separate  channel  would  be  dynamics Hy 
allocated  also  to  carry  a  form  of  data-message  service. 

ii)  In  another  method  the  separate  channel  would  be  sub-multiplexed  into  two 

channels  of  di  and  ^2  kbit/s.  One  of  these  channels  would  be  used  for  data 
services  at  ;ip  to  dg  kbit/s  in  the  local  network,  with  rate  adaptation  for 
switching  through  ISDN  at  6U  kbit/s.  The  other  at  kbit/s  would  carry 
customer/network  si^alling  for  the  6U  and  03  kbit/s  channels,  and  possibly 
low  speed  telemetry. 

Alignment  information  for  the  basic  access  should  also  be  provided,  e.g. 
exploitation  of  the  line  transmission  system;  allocation  of  capacity  within  the 
72  or  80  kbit/s. 

Where  justified  (e.g.  PABXs)  a  primary  order  digital  path  carrying  a  multiplex 
of  2W  or  30  channels  may  be  extended  to  a  customers’  premises ,  to  provide  several 
6U  kbit/s  channels  (see  also  paragraph  9).  Customer/ network  signalling  may  be 
concentrated  in  one  6U  Kbit/s  channel.  Ihis  structure  could  also  apply  where  a  group 
of  ISDN  customers  are  connected  via  a  multiplexer  in  the  local  network. 
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8.  Customer  interface 

Figiire  1  shows  the  functional  elements  of  customer  access  to  ISDN  and 
interfaces  A  and  B  apply  to  the  customer^  premises.  A  considerable  amount  of  further 
study  is  needed  to  establish  preferred  arrangements  for  connecting  the  wide  range  of 
voice  and  data  terminals,  some  of  which  already  exist  with  defined  interface  standards. 
Possible  ISDN  accesses  at  72  or  80  kbit/s  and  l,5l*l*  or  2,0U8  kbit/s  would  apply  to 
interface  B  and  little  would  be  needed  in  the  form  of  Network  Termination  for 
terminals  which  conform  to  these  accesses.  Connection  of  other  termineO-s  at  interface 
A  would  require  appropriate  conversion  functions  in  the  Network  Termination. 

The  layered  model  approach,  devised  for  data  services  (see  Study  Group  VII 
reference)  may  offer  a  convenient  method  of  assisting  the  definition  of  the 
characteristics  of  interfaces  A  and  B,  which  must  be  studied  in  conjunction  with  the 
oustoaer/network  signalling  (paragraph  10). 


A  B  C  C  0 

I  I  I  I  I 


CT  -  Customer  Terminals 
NT  -  Network  Termination 
LT  -  Line  Termination 
ET  -  Exchange  Terminal 

Figure  1  -  Functional  interfaces  for  digital  local  access 

9.  Local  network  tremsmission 

Standards  eu:e  available  for  digital  transmission  between  exchanges  and  these 
could  form  a  basis  for  transmission  in  the  local  network.  Studies  of  ISDN  access  show 
a  need  for  at  least  two  types  of  system  ;  one  operating  at  current  hierarchical  rates 
(e.g.  l,5hU  or  2,0U8  kbit/s)  ai.i  another  to  carry  the  basic  access  proposed  in 
paragraph  7.  Future  studies  may  identify  the  need  for  other  systems,  including  a 
smaller  capacity  multiplex  for  operating  over  existing  local  network  cables. 
Specification  of  interfaces  B  and  D  will  allow  evolution  of  the  transmission  system 
somewhat  independently  of  terminal  and  exchange  equipment,  in  particular  it  is 
expected  that  new  transmission  media  including  optical  fibre,  coaxial  and  radio  systems 
will  be  used  as  appropriate. 

10.  Cxistomer/network  signallinK 

Digital  access  to  ISDN  will  include  a  separate  channel  to  carry  ciistomer/ 
network  signalling  and  possibly  other  information  as  described  in  paragraph  7.  The 
Link  Access  protocols  of  the  signalling  system  carried  in  this  channel  may  be  based 
on  the  exchange  of  frame  formatted  information  using  procedures  similar  to  those 
rscosmsended  in  level  2  of  SS  CCITT  No.  7  and  Recommendation  X.23.  This  approach  should 
give  a  very  flexible,  open-ended  signalling  capability,  compatible  with  the  requirements 
of  new  telecommunications  terminals.  The  use  of  modem  technology  should  ensure  that 
the  relative  complexity  of  this  method  does  not  lead  to  excessive  cost. 


COM  XVIII-No.  1-E 


Uie  Call  Control  aspects  of  the  customer/network  signalling  require  further 
study,  taking  into  account  inforaation  relating  to  existing  telephony  service 
(loop/diaconnect  and  unilti-frequency  push-hutton  systems)  and  circuit  switched  data 
services  CX.21}. 

The  customer/network  signalling  should  also  operate  where  a  multiplexer  is 
used  in  the  local  network.  Signalling  messages  could,  for  example,  he  concentrated/ 
distributed  between  several  digital  local  lines  and  a  coeanon  channel  to  the  local 
exchange.  This  application  would  be  very  similar  to  the  digital  PABX  served  by  a 
multiplex  system  and  the  studies  of  customer/network  signeilling  should  consider  both 
situations. 

11.  Switching  aspects 

Digital  tnink  and  local  exchanges  are  already  required  to  operate  wit!'  digital 
transmission  systems,  and  primary  and  secondary  order  multiplex  interface  standards 
for  digital  exchanges  are  available  at  l,5l<l*,  2,o!»8  and  8,1»1*8  kbit/s.  To  a  large 
extent  these  standards  could  apply  also  when  multiplex  systems  are  used  on  the 
local  network  side  of  the  exchange. 

A  new  interface  must  be  specified  for  the  basic  access  described  in  paragraph  7, 
giving  due  consideration  to  the  means  of  iiiq>lementing  conventional  telephony  functions 
(BOBSCHT)  and  including  any  adaptation  of  other  services  for  switching  at  6U  kbit/s. 

This  interface  may  be  similar  to  that  existing  at  the  local  access  to  a  remote 
multiplexer  or  concentrator. 

12.  Interworking 

tftiile  it  has  been  recognized  that  ISDN  nay  be  used  as  a  menng  of  access  to 
service-dedicated  networks  the  interworking  arrangements  have  not  yet  been  studied 
in  detail.  However,  interworking  in  such  cases  is  expected  to  be  at  the  inter-exchange 
possible  via  nominated  "gateway"  nodes,  and  the  arrangements  could  be  based  on 
specifications  existing  for  inter-exchange  signalling.  (2CITT  No.  7  as  used  in  the 
telephony  network,  X.75  as  used  in  Packet  Data  Networks  and  X.60  as  used  in  Circuit 
Switched  Data  Networks  1 ) 

13.  Numbering  and  addressing 

Study  Groi^  XVIII  recognizes  the  importance  of  the  nuinbering  and  addressing 
arrangements  where  different  services  are  carried  on  an  integrated  services  digital 
network.  Since  the  telephony  based  on  IDN  is  expected  to  be  an  iiqportant  basis  for 
the  de^lopment  of  the  ISDN,  the  numbering  scheme  could  similarly  grow  from  that 
used  for  the  tele^ooy  service.  Further  study  is  needed  to  establish  a  flexibile 
scheme,  with  a  degree  of  independence  between  the  identity  of  a  network  termination 
and  the  services  available  to  a  customer  on  that  termination.  The  Study  Group  VII 
proposals  for  dedicated  data  networks  have  some  relevance. 
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Annex  2 

(to  Question  1/XVlII) 


A  basis  for  study  of  ISDN 


Studies  of  the  arrangements  for  customer  access  to  the  ISDN  through 
Contributions  and  discussions  have  lead  t.o  the  establishment  of  some  study  points 
relating  to  system  structure  and  network  architecture.  These  points  are  generally 
considered  to  be  a  good  basis  for  the  on  going  studies  but  the  increasing  volume  of 
documentation  and  related  discussion  is  making  it  more  difficult  to  locate  the 
information.  This  Annex  contains  a  first  draft  which  may  be  used  as  a  common  basis  for 
fiurther  study  of  the  ISDN  and  customer  access  arrangements. 

For  this  Annex  the  points  have  been  largely  extracted  from  existing 
Study  Group  XVIII  documentation,  modified  by  discussion  where  necessary,  and  reproduced. 
It  is  intended  that  an  edited  and  possibly  extended  version  should  be  made  available 
for  the  April  1980  meeting  of  Study  Group  XVIII,  and  later  annexed  to  the  ISDN 
Questions  for  the  next  study  period. 

The  points  in  this  Annex  are  divided  into  different  aspects  (network, 
signalling,  transmission,  interfaces  and  terminal)  and  are  mainly  related  to  the 
emerging  6U  kbit/s  IDNs. 

The  material  consists  of  various  views  and  ideas  that  have  been  presented 
in  documentation.  They  do  not  constitute  an  agreement  that  this  is  the  way  an  ISDN 
will  develop.  In  fact  several  of  the  points  may  be  inconsistent,  incomplete  or  not 
mutually  exclusive. 

Further  studies  are  required  to  consolidate  these  ideas  and  to  fomnilate 
agreed  principles  upon  which  further  work  may  be  based.  It  is  particularly  ia^rtant 
that  interface  and  signalling  concepts  be  agreed  early  so  that  the  detailed 
development  of  appropriate  Reccanmendations  may  be  undertaken. 

Future  studies  are  expected  to  provide  clsurification  and  elaboration  of 
these  points,  leading  towards  the  establishment  of  the  nain  principles  for  ISDN.  It 
is  acknowledged  that  new  techniques  and  technologies  nsy  emerge,  together  with  further 
network  and  service  option,  and  these  will  lead  to  the  establishment  of  additional 
points  as  and  when  the  need  arises. 

N1  The  telephone  network  will  evolve  towards  as  Integrated  Digital  Network  (iDl) 

with  switched  6U  kbit/s  telephpjor  channels  aad  it  was  expected  that  other  : 

services  would  be  integrated  with  that  networit  during  evolutitm  towards 
an  Integrated  Servi*es  Digital  Network  (ISDN). 

The  introduction  of  new  services  most  not  prejudice  telephony  which  ms 
expected  to  predominate  indefinitely. 

Dependent  on  the  need  of  the  individual  subscriber,  flexibility  should  exist  to 
provide  various  access  types  e.g. 

a)  many  subscribers  may  require  only  dedicated  access  to  a  particulw  fundamental 
service  on  the  ISDN  (telephony  or  data); 
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on  a  cail-by-call  basis,  to  two 


b)  scale  custcaners  aay  require  alternative  access, 
OP  TBore  serrices; 


c)  seme  customers  may  require  simultaneous  access  to  two  or  more  services 


d)  supplementary  services  such  as  listed  in  Recommendation  X.2  Md  in 

r,iT.  telephone  exchanges  should  be  possible  in  a  ha^nized  fora  for  data  and  telephony 
Ce.g.  network  recall,  closed  user  groups,  call  deviation  etc.); 


e)  new  service  forms  such  as 
to  change  froBi  voice  to  non-voice 


with  multi-purpose  terminals  including  the  capability 
or  the  simultaneous  use  of  both  are  to  be  expected. 


p3  Flexibility  is  needed  to  permit  progr'vsive  introduction  of  varioua  new 

serrices,  msny  of  which  are  not  yet  w*ll  defined.  Ihe  objective  would 
therefore  .be  to  estsblish  network  capabilities  for  subsequent  excloitation. 

,  The  ISDN  access  arrangements  should  be  optimized  for  digital  services  although 

due  account  should  of  the  large  and  continuing  population  of  analogue 

telephone  and  lines 

P5  In  studying  features  of  customer  access  attution  should  be  paid  to  the 

usefulness  of  structuring  the  interface  in  functional  levels  in  order 
to  avoid  unnecessary  constraints  on  technological  evolution.  It  is 
important  to  establish  a  level  for  the  cemmon  telephony  interface, 
as  a  basis  for  the  multi-service  ISDN  terminal. 


116  While  it  is  recognized  that  customers  will  have  access  to  a  local 
concentrator  or  exchange,  and  that  the  local  exchange  will  provide  many  of 
the  basic  telephony  and  perhaps  other  services,  some  specialized  services  need 
not  be  provided  by  all  local  exchanges.  The  concept  is  that  local  exchanges  ear. 
provide  access,  on  a  eall-by-vall  basis,  to  other  exchanges  in  the  network  which  can  be 
regarded  as  special  nodes  because  they  provide  additional  service  capabilities.  Access 
1.0  such  nodes  could  for  example  be  on  demand  following  class  of  service  or  selection 
information,  or  on  a  hot-line  basis  for  every  call  from  a  particular  customer.  One 
example  of  such  use  of  the  ISDN  would  be  in  the  provision  of  access  to  a  data  packet 
switching  exchange.  It  is  recognized  that  this  concept  would  significantly  influence 
the  studies  of  customer  access  to  the  ISDN. 

117  During  future  studies,  some  considerations  should  be  given  to  the  possible 
use  of  transmission  rates  lower  than  kbit/s  (e.g.  32  or  I6  kbit/s)  for  telephony 
paths  in  the  network,  and  the  effect  such  paths  might  have  on  other  customer  services 
in  the  ISDN, 

!'0  During  future  studies,  some  consideration  should  be  given  to  the  possible  use 

of  bit  saving  techniques  e.g.  differential  encoding  for  providing  "wideband  speech"  at 
ot  kbit/s. 

f'9  Future  studies  of  ISDN  access  should  take  into  account  the  probability  that 

Integrated  Services  Digital  Networks  (ISDN)  for  telephony,  data 
and  other  aervices  will  be  growing  rapidly  in  the  nect  few  years; 

the  cost  of  extending  digital  tronsBission  to  the  subscribe 's  location 
can  be  expected  to  become  progressively  lower; 

=  '  .  new  services  and  facilities  can  be  provided  by  taking  advantage  of  the 

inherent  chtracteriatics  of  the  ISDN; 

new  signal  ling  arrangeaents  will  be  needed  botb  flrtai  exchange  to  aubaeriber 
and  subscribo'  to  exchange; 
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NIO  a)  There  is  a  need  to  develop  within  a  ccesaon  fraaevork  coherent  arrangeaents 
for  custoBer  access  to  different  services  provided  by  the  ISDH; 

such  arrangenents  have  to  allow  various  network  architectures,  taking  into 
account  the  varying  conditions  in  different  cotmtriesi 

Nil  In  an  Integrated  Services  Digital  Network  (ISjJC)  a  connection  aay  be 
required  fcr  a  call  »rtilch:- 

i.  is  exclusively  voice  (V)  service,  including  unstructured  inforisation; 
ii.  is  exclusively  Digital  Non-Voice  (DHV)  service; 

iii.  changes  from  voice  Service  to  Digital  Non-Voice  Service  or  vice-versa 
during  the  call  to  provide  alternative  services. 

iv.  voice  and  non-voice  services  on  a  wholly  digital  connection  to  provide 
services  which,  to  the  user,  appear  to  he  simultaneous; 


N12  "Another  aspect  needing  an  early  decision  is  that  o£  continuous  trans- 
aiasion  of  signals  on  the  subscriber  line,  even  under  idle  conditions 
between  calls.  Som  signalling  methods  and  supplementary  services 
(e.g.  burglar  alaim  etc.)  may,  only  be  implemented  when  the  subscriber  line 
transmission  system  is. operating  continuously. 


Some  administrations  art  preparing  plans  for  extensive  introduction 
of  digital  transmission  and  switching  equipment,  and  studying  ways 
of  exploiting  the  emerging  digital  network  by  extension  of  the  ION 
capabilities  down  to  the  premises  of  customer  who  can  utilise  those 
capabilities.  These  networks  will  not  be  extensive  in  the  early  years 
but  suitable  standards  sre  needed  to  encourage  steady  evolution. 


The  national  conditions  for  service  integration  may  differ  between 
countries  and  evolution  towards  an  integrated  services  network 
will  vary  accordingly.  In  order  to  provide  a  common  basis  for  inter¬ 
national  standardization  of  digital  networks,  however,  it  is  essential 
to  adopt  a  canmon  strategy  for  developing  an  ISOM  from  the  telephony 
ION. 

These  varying  conditions  give  rise  to  the  following  objectives: 

-  introduction  of  new  services  and  facilities  should  not  give 
significant  cost  penalty  to  the  major  telecommunication  service 
In  the  network 

-  as  introduction  of  new  services  and  facilities  will  be  a  continuous 
process,  the  approach  to  seivice  Integration  should  be  open-ended 


Customer  access  types 

Customer  terminals  a(^  digital  PABX  will  evolva  rapidly  with  techno¬ 
logies  like  microprocessors,  automation  in  the  office  sector  and  the 
definition  of  new  services.  An  appropriate  definition  of  the  custtmer 
access  to  ISDN  is  therefore  of  utmost  Importance.  Whilst  aiming  at  a 
flexible  and  openended  approach  to  new  services  and  customer  terminals, 
a  limits  mmiber  of  customer  access  types  should  be  standardized.  In 
a  first  phase  of  CCITTstudies  the  following  access  types  are  proposed; 
see  also  figure  1. 
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H16  Basic  ISDN  access  type 
This  comprises 

m)  a  M  khit/s  digital  path  for  : 

(I)  digital  voiea  at  Vt  kkit/s  ,  or 

(II)  digital  data  includiag  Becomendatioo  X.l  data  user 
elassas  with  rat#  adaptation  up  to  61*  kbit/s  ,  or 

(lit)  combiitad  digital  voice  and  non*voica  at  6k  kbit/s  (a.g. 

56  kbit/s  digital  voice  together  with  8  kbit/s  data) 

While  soma  customars  will  requira  dadicated  access  to  only  one 
of  (base  service  options,  provision  should  be  Made  for  alternative 
operation  on  a  call  by  call  basis,  and  for  changing  during  an 
establish  call.  Limitations  to  this  letter  feature  will  be 
encountered  In  nixed  aaelogue/digitel  networks. 

b)  A  separate  digital  patb  at  a  rate  much  lover  than  61*  kbit/s 
for  : 

(i)  custoDer/setwork  signalling  for  services  in  (a);  hnd 

(ii)  other  services  such  as  telemetry  information  (e.g.  customer  alarms);  hnd. 

(iii)  spare  capacity  for  future  requirements. 

An  example  of  the  basic  ISDN  access  type  incorporating  the  features  listed 
above  is  given  in  Figure  2.  It  should  be  noted  that  some  additional  bits 
have  been  provided  for  alignment  purposes  for  use  when  the  transmission 
system  does  not  provide  alignment. 

H17  Access  at  rates  lover  than  61*  kbit/s 


Consideration  should  be  given  to  the  possibility  of  customer  access  at  rates 
lower  than  6U  kbit/s  (e.g.  56,  1*8  and  32  kbit/s). 

ISDN  access  type  with  additional  channel  option 

In  addition  to  the  basic  system  capabilities  indicated  in  Nl6,  some  consideration 
should  be  given  to  the  provision  of  other  services  simultaneously  with  the 
functions  in  a)  and  b)  of  Nl6. 

Additional  digital  paths  could  be  provided  to  give  further  services  as  the 
cus*'»it-  res  thffl.  The  customer  network  signalling  for  these  services 

would  be  carried  within  channel  b)  (of  nl6).  The  access  structure  should  be 
capable  of  providing  a  siKWth  growth  of  customer  services  from  those  indicated 
in  a)  sad  b)  (of  10.6)  to  multi  channel  services  such  as  those  required  by, 
for  example,  multi  function  terminals,  multi-slot  terminals  and  PABXs. 

The  additional  digital  paths  may  be  adapted  to  61*  kbit/s  where  necessary 
(e.g.  for  Recommendation  X.l  services)  at  the  exchange  and  switched  through  the 
digital  network. 

An  example  in  which  the  additional  access  provides  a  low-rate  data  service 
is  given  in  Figore  3  (see  also  Kly). 
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Iil9  TxeatEent  of  services  recuirio; 


lan 


Two  approaches  have  bees  identified  : 

(i)  services  requiring  only  a  feu  (e-g.  <  5)  04  kbit/s  digital  paths 
utilise  parallel  subscrib-er  access  at  6h  kbit/s.  Further  study  is 
needed  to  detertsine  the  network  control  signalling  arrangesieats  for 
such  applications; 

(ii)  as  an  alternative  to  (i)  a  sgall  transaission  railtiplex  of  n  x  04  kbit/s 
cotJld  be  used; 

(iii)  for  services  requiring  acre  (e.g.  >  5)  6b  kbit/s  digital  paths,  a 
multiplex  based  on  the  primary  multiplex  systecs  would  appear  to  be 
more  appropriate; 

N2G  tCreatment  of  services  req\iiring  multiple  digital  paths  (including  PABXs) 

The  approaches  identified  in  IIlS  also  apply  in  this  case. 

1121  Treatment  of  services  requiring  less  than  6k  kbit/s  digital  paths 

For  services  such  as  low-rate  data,  the  bit  stream  could  be  adapted  and  carried 
on  a  standard  6b  kbit/s  bearer  to  the  exchange.  Alternatively  a  low-rate  access 
comprising  a  bearer  to  suit  the  service  with  an  out-slot  channel  for  signalling 
etc.  (see  Nl6),  and  ivith  adaptation  to  6b  kbit/s  at  the  exchange  (rar 
intermediate  muldex)  for  switching  through  the  digital  network  at  6b  kbit/s 
could  be  used,  (Question  29/VII  is  relevant.) 


Another  alternative  is  to  interleave  low-rate  data  messages  with  signalling 
messages  on  the  out-slot  channel  of  a  multi-service  access.  (See  S6).  Yet 
another  possibility  is  to  provide  access  to  a  packet  switching  facility  and 
route  the  low-bit  rate  data  across  the  ISDN  by  the  use  of  packets. 

H22  Treatment  of  customers  requiring  unidirectional  transmission 

Some  provision  may  need  to  be  made  for  such  services  but  further  stu^  is 
needed  to  establish  relevant  principles.  (See  paragraph  b  of  the  Report.) 


N23  Functional  network  architecture 


In  order  to  deal  with  ISON  in  an  orderly  Manner  it  sh^'d  be  given  a 
Suitable  funetimial  structure.  A  first  approach  is  to  .'ivida  the 
netMork  into  two  catagorias  of  functions:  ' 

-  a  category  of  basic  functions  relating  to  circuit  switehad  M  Kbit/s 
digital  connactions  which  would  ba  provided  by  all  local  axchangas; 
this  category  provides  telephony  and  possibly  circuit  switched  data 
service 

-  a  sacagery  of  additional  functions  ralatitto  tc  services  which  require 
additional  capabilities  %diich  need  only  be  providae  in  special  aevip- 
Ments  iecatm  in  particular  network  nodes.  The  digital  local  network 
would,  a;  part  of  the  basic  functions,  provide  access  to  these  special 
equipMents. 
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N2l*  ISDH  netvork  aspects 

It  is  expected  that  the  ISDH  vill  use  kbit/s  bearer  digital  paths.  The  bit 
integrity  of  custmer  generated  inforEsation  should  be  preserved  betueeu  custoaer 
terssisals.  Voice  fre^eaey  signals  should  be  encoded  according  to 
Becomtnendat ion  G.T11> 

H25  Hetwork  control  signallisg  between  the  custsaer  terainal  and  his  local  exchange 
feet  setting  up  6i»  kbit/s  connections  should  be  carried  outside  the  6ft  kbit/s 
channel.  Note  that  this  does  not  preclude  the  use  of  the  6k  kbit/s  for  sexse 
custtaer/network  and  castoaer/custoner  signalling  after  the  initial  out-channel 
signalling  procedtire.  (See  Nib) 

N26  Dicing  the  evolutionary  stages  where  extensive  interworking  occurs  between 

the  new  digital  equiisaent  and  existing  switching  equiiaaent  for  telephony  type 
traffic;  the  new  network  equipment  should  ensure  that  ISDN  calls  are  routed 
appropriately.  Where  routing  over  digital  facilities  only  is  required,  adequate 
identification  and  signalling  capabilities  should  be  provided  in  order  to  remove 
ai^'  service  restriction  on  a  particular  connection.  Note  that  this  requirement 
should  include  the  identification  of  apparently  digital  circuits  routed  via 
transmultiplexers  or  tise  assignment  or  other  digital  processing  equipment 
which  restrict  the  bit  sequence  integrity  of  the  transmission  path. 

N27  She  ISSN  should  include  adequate  provision  for  services  ^diich  noimally  operate 
at  rates  other  than  &t  kbit/s.  These  include  : 

-  Low  rate  data; 

-  Low  rate  non-standard  encoded  voice; 

-  Higher  rate  services  which  may  be  routed  throiigh  the  network  on  n  x  6L  kbit/s 
ccnnections; 


-  Wideband  services  re^irinq  cransaission  paths  auch  in  escass 
of  Vt  kbit/s  (e.g.  2  Nb?t/s  or  More)  «*h]cb.  If  conMctod  ovor 
a  MtHOrk  saparate  froa  tho  ISM,  aay  us«  tho  ISM  for  associated 
saEcing*up  and  coiutiicotion  purpotos. 

~  Vary  low  rato  tolaactry  ever  tho  custoaers  local  line  as  a  means 
of  convoying  alarm  and  surveitlanca  coaaunication  -to  a  central 
location  Such  as  tha  local  eichanga  sita. 

N28  In  wdar  to  ansura  ada^iato  parformanca  «id  flaniblllty  the  ISOb 

shell  be  coaprlsed  of  SPC  digital  local  and  higher  order  exchanges, 
IntercwtnKted  by  digital  transaisslon  and  aaploying  fast  Inter 
processor  co^on  channel  signalling  betwoan  miehanges,  CCITT 
Wo.?.  There  will,  however,  be  freedoe  to  move  Unctions  between 
n^es  In  the  ISM  hlererchles.  end  It  Is  aepact^  that  seec  nodes 
cquippod  with  extra  c^iebillties  to  satisfy  tha  special 
retirements  of  calls  routed  to  such  nodes.  Quality  of  service 
stw^rds  for  ISM  traffic  MSt  be  spacifiad  in  tarms  of  error 
wponso  times,  grades  of  service  etc,  Ktd  the  need  for 
preferential  or  priority  treatmont  of  ono  service  with  relation 
to  ai»cher  on  a  call  by  call  basis  should  be  ebnsidorod. 


desigsed  for  telephony  needs  and  a  separate  in-siot  protocol  is  used 
can  set-ap.  is  implies  that  a  hot-line  type  of  connection  is  used  f« 
calls  to  establish  an  access  path  betveen  the  data  terminal  ana  the  i 
functions  controlling  data  call  set-up  consistent  with  Hecesendatio: 
A. 25  and  the  new  FDIE  interface  (also  referred  to  as  the  sailtiparpos! 
for  non-voice  services). 


Adoption  of  this  approach  would  innsly  that  a  deeper  integration  of  access 
protocols,  and  thus  call  set-up  csmtroi  in  the  network,  can  later  only  he 
achieved  eifter  introduction  of  new  or  ssdified  access  nrotocols. 


Meaiuc 


sgration  . 


In  this  ease  an  out-slot  signalling  protocol  (C?)  is  used  for  controlling 
setting  up  of  digital  circuit  switched  eh  kbit/s  connections  for  both  telejcj^ 
and  data.  This  isclies  that  an  out-slot  signalling  technique  that  is  suitable 
both  for  telephony  and  data  is  chosen.  The  CTE*)  should  then  :nrovide 
insertion  of  the  data  signalling  protocol  generated  by  the  SIS  ^  into  the 
out-slot  signalling  link  of  the  subscriber  line.  (•)  See  Figure  1.) 


The  out-slot  signalling  link  would  carry  infoxsaticn  blocks  which  include 
Service  indications  to  allow  separately  defined  telephony  and  data  versi«is. 
These  versions  shcniid  naturally  be  defined  with  rjueinus  ccsosality. 

A  c<ST»rison  say  be  nade  between  such  versions  and  the  Telephony  and  ^ta 
user  Parts  in  CCITT  Signalling  Systs  Ho.  7- 


On  the  sssvcnrticn  that  ccsnsonality  is  achieved  : 
the  cut-slot  signalling  funeticns,  this  degree  i 
a  good  basis  for  coving  to  a  deeper  degree  of  i 
The  restrictions  for  deeper  integratiOT  in  the  : 
innmsed  by  the  access  protocols  but  the  fact 


sotwees  telephony  and  data  fra- 
>f  integration  would  pwide 
itegration  at  a  lats-  stage. 
SDH  would  in  this  case  iwt  be 
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are  only  applicable  .for  either  o*.  telephony  and  data.  The  differences  in  the 
actual  OP  ea^iloyed  and  the  call  handling  in  the  network,  would,  however,  in 
principle  not  be  differences  between  telephony  and  data  but  differences  between 
calls  involving  different  sets  of  supplementary  service/user  facilities.  That 
is,  the  nature  of  differences  between  telephony  and  data  would  be  no  different 
from  the  nature  of  the  differences  between  calls  within  each  service. 

N30  It  is  recognized  that  the  definition  of  a  multi-purpose  interface  for 

non-voice  services  has  a  bearing  on  the  system  concept  for  the  general  digital 
subscriber  line  signalling  interface.  Such  an  interface  should,  when  medium  or 

integration  is  applied,  be  specified  for  both  telephony  and  data  applications. 

In  order  to  avoid  proliferation  of  new  customer  interfaces,  it  is  necessary  to 
harmonize  the  studies  on  a  multi-purpose  interface  for  non-voice  services  with  those  on 
local  IDNs.  On  the  other  hand  it  is  outlined  that  data  requirements  should  be  defined 
as  early  as  possible  in  order  to  be  properly  taken  into  account  when  developing  the 
general  digital  subscriber  line  signalling  interface. 


N31  The  definition  of  standards  for  customer  access  to  different  services 

provided  by  ISDNs  should  be  made  in  such  a  way  as  to  allow  various  network  architectures, 
taking  into  account  the  varying  conditions  in  different  countries,  for  example  the 
provision  of  some  services  throngh  ISDNs  by  means  of  interworking  with  specialized 
networks.  Such  dedicated  networks  may  co-exist  with  the  developing  ISDN  at  least 
during  a  transition  period. 
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ASPECTS  OF  INTERFACES  BETwESI;  THE  DIGITAL  LOCAL  EXCHAIiGE  AIID  THE  LOCAL 
LINE  OR  REMOTE  UNITS  (P.  E.  F.  G  AUD  H  IN  FIGURE  l) 

1  Study  Group  XI  is  specifying  the  parameters  and  characteristics  of  6U  kbit/s 
digital  switches  for  telephony  both  at  transit  and  local  levels.  In  the  first 
place  CCITT  Recommendations  for  digital  local  exchanges  should  cover  the 
connection  of  analogue  subscriber  lines  and  accept  already  established 
national  standards  for  analogue  subscriber  lines.  Interfaces  with  digital 
(telephone)  PABX  accepting  national  PABX  signalling  systems  snail  also  be 
covered. 

2  New  Recommendations  are  required  for  the  interfaces  concerning  digital 
subscriber  lines  to  include  data,  telephony,  telemetry,  etc.,  signal ling  and 
alignment  functions. 

3  Moreover  it  shall  be  studied  what  additions  to  the  parameters  and 
characteristics  for  digital  6L  kbit/s  switches  specified  for  telephony,  if  any, 
are  required  for  the  use  of  these  for  data  switching. 

1*  New  Recommendations  are  also  required  for  exchange  interfaces  with  digital 

PABX,  remote  digital  PABX,  remote  MULDEX  and  other  multi-slot  services.  Note 
that  the  subscriber  line  and  mtilti-slot  transmission  systems  may  terminate  on 
a  MULDEX  or  a  concentrator  remote  from  the  serving  centre,  and  common 
interface  standards  should  apply  as  far  as  possible. 

5  At  the  present  time  remote  subscriber  connecting  units  are  considered  to  be 
functionally  part  of  the  local  exchange.  The  type  and  information  content  of 
the  signalling  and/or  control  channel  between  the  remote  subscriber  connections 
unit  and  the  exchange  terminal  is  at  present  considered  not  to  be  a  matter  for 
international  recommendation.  The  reasons  for  this  are  the  complexity  of  such 
a  recommendation  with  the  variety  of  realizations  presently  under  study. 

Most  of  the  implementations  considered  at  present  are  system-dependent,  but  a 
desire  has  been  expressed  (in  Study  Group  XI)  by  some  delegates  to  define  a 
system-independent  remotely  located  switching  unit  in  the  future.  In  this  case, 
CCITT  Signalling  System  Nr.  7  should  form  the  basis  for  the  signalling  and  control 
channels.  The  study  of  the  system-independent  remotely  located  switching  unit 
was  considered  to  be  additional  to  the  study  at  present  undertaken  in 
Study  Group  XI. 

6  The  digital  subscriber  line  interface  should  be  considered  from  the  functional 
point  of  view.  The  functional  description  can  apply  with  any  technical  solution 
for  the  transmission  format  or  structure  on  the  line. 

7  The  digital  subscriber  line  interface  might  provide  a  common  6U  kbit/s  interface 
for  the  users  information  path  for  all  services.  It  may,  however,  be  more 
economical  to  provide  separate  interfaces  for  some  services.  For  n  x  6U  kbit/s 
services,  n  x  61*  kbit/s  user  parts  might  be  applied. 


A  functional  interface  for  signalling,  control  and  alignment  purposes  sho\ild  be 
defined. 
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E9  The  interfaces  for  digital  PABXs  are  of  great  importance.  It  was  considered 
likely  that  two  different  interfaces  could  be  provided,  one  identical  or 
similar  to  the  digital  subscriber  line  interface  for  smaller  PABXs  and  another 
more  complex  one  for  the  larger  PABXs.  The  signalling  systems  used  in  the  two 
cases  may  differ. 

HO  Problems  arising  from  the  BQRSHT 

Functions  (B  =  battery;  0  =  over-voltage  protection;  R  =  ringing; 

S  a  supervisory;  H  *  hybrid;  T  =  test  function)  are  to  be  studied. 


SIGNALLIMG  ASPECTS 


Note  :  Where  possible  these  points  have  been  extracted  from  available  text,  with 
modifications  to  take  account  of  subsequent  discussions.  Some  new  text  has  been 
derived  from  the  Questionnaire  associated  with  COM  XVIII-No.  131  and  from  subsequent 
replies  with  the  issue  of  this  Annex.  The  Questionnaire  is  considered  to  be  out  of 
date  and  will  not  be  studied  further  in  its  present  form.  Some  of  the  points  below 
may  be  more  appropriate  under  the  heading  of  Network  Aspects  in  later  issues. 

Customer/network  signalling 

51  Classification  of  access  protocols 

Access  protocols  are  proposed  to  be  classified  in  two  types,  namely  : 

-  an  Out-slot  Protocol  (OP)  for  out-slot  signalling,  and 

-  In-slot  Protocols  (IP)  for  in-slot  signalling 

In  addition  to  these  access  protocols,  user-to-user  protocols  and  user-to-network 
resources  protocols  need  to  be  considered.  Some  of  the  user-user  protocols  may 
standardized  consistent  with  other  access  protocols. 

52  Out-slot  Protocol  (OP) 

An  out-slot  signalling  protocol  for  access  to  network  elements  controlling 
set-up  and  release  of  all  digital  64  kbit/s  circuit  switched  connections. 

OP  would  cover  signalling  for  simple  calls  and  further  signrlling  necessary 
for  control  of  such  supplementary  services/user  facilities,  depending  upon 
the  degree  of  integration.  See  N20.  The  OP  access  link  (i.e.  the  out-slot 
channel  with  its  level  2  technique)  would  typically  terminate  at  the  first 
subscriber  line  concentration  stage  and  the  OP  signalling  would,  as  applicable, 
be  further  conveyed  in  the  network  over,  for  example,  common  channel  signalling 
links. 

53  In-slot  Protocols  (IP) 

A  number  of  service  dependent  in-slot  signalling  protocols  for  access  to  ' 
additional  network  functions.  In  some  cases  IP  would  correspcna  to  a  second 
call  set-up  phase  (e.g.  in  some  interworking  situations). 
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IP  would  aldo  cover  oases  of  connunication  between  the  user  and  a  central 
network  funoiicn,  e.g.  for  facility  registration  and  cancellation  at  a 
special  ser'/ice  centre.  A  simple  case  of  an  I?  would  be  transmission  of  digital 
tones  over  the  kbit/s  channel  to  a  calling  telephone  subscriber.  Another 
case  of  an  IP  would  be  the  application  of  levels  2  and  3  of  Recommendation  X.25 
to  access  packet-switching  facilities. 


SU  Where  digital  and  possibly  service-integrated  PABX  are  connected  to  an 

integrated  services  digital  network  the  signal ling  for  individual  customers 
access  could  oe  used  for  smaller  PABX  whilst  common  channel  signalling  seems 
appropriate  for  larger  PABXs.  This  means  that  any  study  of  new  signalling 
arrangements  for  digital  PABX  snould  be  performed  in  conjunction  with  the  studies 
of  signalling  on  digital  subscriber  lines  and  the  further  studies  of  common 
channel  signalling. 

55  Studies  of  a  signalling  system  for  customer  access  to  the  ISDN  should  be  based 
on  the  assumption  that  digital  transmission  techniques  will  be  extended  into  the 
local  network  down  to  the  customers  terminal,  and,  where  appropriate,  the 
characteristics  of  the  access  will  be  the  subject  of  CCITT  recommendations. 

56  Studies  of  the  customer /network  signalling  system  protocols  should  anticipate 
the  requirements  of  all  services  likely  to  be  carried  by  the  ISDN.  Due 
attention  should  be  paid  to  signalling  jfor  a  basic  digital  telephone  service 
idiile  preserving  maximum  potential  for  more  complex  signalling  for  multi-service 
and  multi-chaunel  terminals.  If  and  where  appropriate  some  allowance  should  be 
made  for  the  possibility  that  the  new  digital-access  signalling  system  might  be 
adapted  to  be  used  also  to  enhance  the  services  provided  by  conventional  analogue 
access . 

57  The  new  customer/network  signalling  system  should  include  the  capability  of 
carrying  signals,  in  either  direction,  between  the  customer  and  the  local 
exchange  without  interruption  of  the  channel  to  which  the  signals  refer.  This 
capability  will  permit  'silent'  signalling  for  telephony  customers  (e.g.  private 
meters ) . 

58  When  considering  customers  connected  to  the  ISDN  it  must  be  recognized  that 
some  will  require  only  dedicated  access  to  a  particular  service,  some  will 
require  alternative  access  -  possibly  on  a  call  by  call  basis  -  to  two  or  more 
services,  while  others  may  require  access  to  several  independent  services  at 
the  same  time.  These  options  should  be  taken  into  account  when  defining  the 
new  customer/network  signalling  system  and  it  has  been  suggested  that  an 
out-slot  signalling  link  should  be  provided  for  each  of  the  channels  used  for 
services.  However  it  is  accepted  that  such  signalling  links  may  not  exist 

in  'real'  chaimel  terms  because  they  are  provided  as  'virtual'  channels  using 
interleaved  messages  on  a  common  out-slot  transmission  channel  between  the 
customer  and  the  local  exchange.  Where  the  'virtual'  channel  method  is  used, 
the  signalling  system  must  contrain  suffient  addressing  etc.  to  identify  the 
different  channels  used  for  services.  In  addition,  where  channels  are  used 
alternatively  for  different  services,  the  signalling  system  must  incorporate 
a  means  of  identifying  the  service  required. 
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S9  The  digital  access  to  ISDN  is  e3q>ected  to  include  provision  for  very  low-rate 
data  and  telemetry  services,  some  of  which  may  be  switched  through  the  network. 
The  customer/network  signalling  system  could  permit  such  services  to  be  carried 
over  the  out-slot  transmission  path  using  either  a  cyclic  multiplex  or 
interleaved  messages. 

SIO  The  signalling  system  should  be  suitable  for  use  in  local  networks  in  which 
customer  accesses  are  connected  to  an  interme'iiate  digital  multiplex  to 
provide  transmission  to  the  exchange  over  standard  primary  local  digital  line 
systems.  In  these  circumstances  it  has  been  suggested  that  she  customer/network 
signalling  links,  in  'real'  or  'virtual'  channels  will  be  interleaved  onto  a 
conmon  bearer  such  as  T/Sl£  of  the  20k6  kbit/s  line  systems. 


SU  The  signalling  system  should  be  suitable  for  use  with  simple  terminals  involving 
human  operators  such  as  for  the  telephone  service,  as  well  as  coisplex  terminals 
having  machine  generation  and  detection  of  in-slot  and  out-slot  signals. 

S12  Consideration  should  be  given  to  the  possibility  that  the  ISDN  may  be  used  for 
services  irtiich  reqiiire  tmidireetional  transmission,  such  as  broadcast,  and  the 
effect  such  services  might  have  on  the  signalling  system  and  protocols 
operational  checks. 

S13-  Since  it  is  envisaged  that  ISDN  ai^it  carry  wider-band  services  using  the 
multi-slot  connection  techniques,  consideration  should  be  given  to  the 
signalling  protocols  appropriate  to  such  connections. 

Slh  During  the  definition  of  a  signalling  system  to  satisfy  the  requirements  for 
ISDN  access,  scmte  consideration  should  be  given  to  the  line-feed  and  other 
BOBSBT  functions  to  establish  the  extent  to  which  the  signalling  system  may  be 
affected  by  different  implaientations  of  these  functions. 


iWi*  •  •  'll"*  f  fi  W’'* 


idelines  on  transnission  reauireaents  for  cusroaer  access 
a  ranze  of  oustoaer  access  trees 


Three  different  possibilities  could  be  identified  : 

a.  A  "single  subscriber,  single  timeslot"  requirement  of  {61{  +  A)  kbit/s 

in  each  transmission  direction.  (Examples  can  be  found  in  Documents  Nos. 
COM  XVIII-No.  310,  Section  1.3.1;  COM  XVIII-Iio.  265); 

b.  A  "single  subscriber,  multi-timeslot"  requireaent  of  n  x  6h  kbit/s  +  A“ 
kbit/s  in  each  transmission  direction.  (An  example  can  be  found  in 
Dociment  No.  COM  XVIII-No.  266.) 

c.  A  PABX  connection,  requiring  m  x  61*  kbit/s  +  A"  kbit/s  in  each  transmission 
direction  (COM  XVIII-Ho.  2l»3). 

Study  of  bit  stream  structures  to  allocate  trariswi asion  capacity  and 


-  Different  structures  will  be  required  for  the  classes  under  Sections  3. a  and 
3.C,  while  the  class  mentioned  under  Section  3.b  can  use  either  a  parallel 
combination  of  "S.a-systeas"  or  a  "3.c-system". 

-  Delayed  Contribution  BT  indicates  some  general  outlines  for  possible  structures 
for  class  3. a. 

-  The  subscribers  loop  transmission  system  has  to  provide  for  the  transmission 
of  sxiffieient  information  between  the  exchange  and  the  subscribers  terminal 

in  order  to  make  demultiplexing  of  the  various  channels  possible.  (An  example 
has  been  indicated  in  Section  13  of  COM  XVIII-No.  310. ) 


Transmission  systems  for  access  types  identified  for  initial  study 

-  Delayed  Contribution  BT  (Section  2)  indicates  that  the  required  functions 
can  be  provided  with  either  2-wire  or  h-wire  transmission  systems. 

-  The  Report  of  Working  Party  XVIII/b  (Contribution  COM  XVIII-No.  312)  indicates 
the  power  feeding  of  the  subscribers  terminal  as  an  important  study  point. 

Transmission  system  for  connecting  PABXs 

-  The  required  transmission  systems  probably  are  almost  identical  to  the 
already  specified  15hh  kbit/s  /20h8  Kbit/s  systess  or  small  capacity  digital 
transmission  systems,  e.g.  11  x  61»  kbit/s  (704  kbit/s). 

Ho  information,  however,  on  this  subject  cotU.d  be  identified  in  the  available 
documents.  The  need  for  further  study  has  been  indicated  in  the  report  of 
Working  Party  XVIII/h  (Contribution  COM  XVIII-No.  312). 

Transmission  standards  applicable  to  remote  access  to  the  IS 
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T6  During  discussions  in  Working  Party  XVIII/1  it  becaae  clear  that  no 

Administration  yet  wished  to  specify  the  subscriber  line  transmission 
system  itself. 


CUSTOMER  UnSRFACS  ASPECTS 


Cl  Working  Party  XVIII/1  has  so  far  identified  interface  types  as  showT;  in 

Figure  1.  Not  all  of  these  interfaces  will  necessarily  be  the  subject  of 
CCITT  Recommendations.  Some  are  already  specified  in  CCTIT  Recommendations 
and  these  should  be  taken  into  account.  The  aim  should  be  to  define  a  very 
number  of  these  interface  types,  which  may  not  necessarily  appear  as 
physical  interfaces. 

C2  It  is  desirable  to  define  as  small  a  number  of  interfaces  of  types  A,  E  and 
C  as  possible,  while  allowing  for  all  types  of  STE  provided  to  meet  customer 
requirements. 

C3  The  digital  local  network  nay,  seen  from  the  customer  as  part  of  his  information 
system,  carry  the  following  information  transactions  and  provide  the  following 
services  ; 

-  tpMch  coniMCt  iofit 

•  tupplMantanr  telepnotw  services 

•  ieu  MMMcttofis  to  subseribors  in  separate  data  netMorks  or  data 
equipMOt  in  tfw  digital  natMOrk;  for  connections  to  separate  data 
dotiwrka  the  connact Ion  ^isc  be  coopetible  eith  eeiscing  standards 
for  elreoli  -  or  pockad>swi tebod  sarvices  and  axisting  user  classes 

•  a  text  end  control  connection  to  local  or  rawtte  Inforoation  data- 
basoB.  tolacax,  vidootaxt  systa*  ate  (possibly  in  parallel  to  the 
speech  connection) 


-  end-to-end  signalling  eind  control  connection  with  the  remote  subscriber  for 
sess'-"-.  control  (terminal  configuration  control,  protocol  selection, 
input/out  selection) 

-  receiving/sending  of  text  and  other  non-'/oics  messages  to  subscriber  terminals 
including  the  case  of  calls  arriving  at  a  terminal  which  is  unattended  or 
engaged  on  another  call 

-  alarm  service  capable  of  carrying  alarms  from  sensors  etc.  independent  of 
communication  on  the  subscriber  line 


-  advanced  charging  information  capability. during  call. 


Ch 


It  is  expected  that  the  data  requirements  will  greatly  influence  the 
interface  and  work  cn  the  standards  should  take  account  of  those  aep; 
for  circiiit  and  packet  switched  data  transmission  (Becesmendations  X 
The  interface  specification  should  be  structured,  and  based  upon  the 
identified  for  data.  For  example,  the  interfaces  of  the  digital  sub; 
could  be  organised  with  the  following  functional  levels  : 


istemer 


Level  I  -  Physical  link  provision  defining  the  functions  relating  to 
the  physical,  electrical,  logical  and  line  transmission 
technique  related  parameters  of  the  interface  (as  applicable). 


. . I . I . . . . 


Level  2  •  Link  access  protocols  defining  the  functions  relating  to, 

‘for  each  sotsnunication  channel  provided  by  level  I,  the 
technique  by  which  higher  level  information  is  transferred 
over  the  channel . 

Level  3  '  Call  control  procedure  defining  the  functions  relating 
to  control  of  call  set-up  and  release  for  switched 
services. 

Level  k  >  End~to~end  protocol  defining  the  functions  relating  to 
and-to-and  eewunication  between  subscriber  terminals 
or  betwewi  subscriber  terminals  and  network  resources. 

Depending  on  the  type  of  service  and  how  It  is  accessed  the  level 
2,  3  end  4  elmeents  smy  have  to  be  defined  s^iarately  for  different 
pluses  of  a  call. 

SERVICE  ASPECTS 

In  considering  interface  A  at  the  suhscrihers  preicises  to  he  the  user's  access 
point  to  the  ISDH,  it  is  recognized  that  the  link  to  the  exchange  lasy  be  shared 
for  several  services.  There  are  many  network  structures  possible  to  provide 
BMltiservice  compatability.  Figures  u  and  >  show  various  exac^les, 

a)  The  telephone  network  and  the  dedicated  networks  are  separated  at  the 
distributing  frame. 

Each  service  having  its  own  signalling  system^ 

b)  Kie  telephony  network  and  the  dedicated  networks  are  separated  at  the  locel 
switching  exchange.  The  amltiservice  signalling  system  is  used. 

-  For  the  teleidione  signals 

-  For  the  seizing  signal,  the  clearing  sipial  and  soae  test  signals  for 
the  other  services. 


c)  The  multiservice  Network  is  completely  integrated  but  this  does  not  exclx^e 
sane  dedicated  service  Nodes  (processing  of  Data  Transsissics).  A  single 
multiservice  signalling  system  is  used  for  wn  services. 

The  cosfig\aration  described  above  may  follow  each  other  in  a  transition 

p^iod. 

IS  While  the  interworking  of  the  ISDN  evolving  fr^  the  telephone  network  with 
co-existing  dedicated  networks  will  lead  to  the  offering  of  the  wide  range  of 
existing  services  (e.g.  telephony,  X.l  and  X.2  data  services,  pwket  switching) 
on  the  new  link  frsa  the  subscriber  to  the  exchange,  also  new  services 
eaerge  as  new  features  of  the  homogenous  digital  network. 


Higher  rate  capability  may  be  mai 
throu^  the  network.  Conference 
required. 


made  available  by  using  o  x  6U  kbit/s  connections 
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Figure  2  -  Exeaple  of  a  baeie  ISDN  access  type 


CUSTOHEN  ACCESS  FUNCTIONS 


Figure  3  -  An  example  of  ISON  acceeo  with  an  additional  data  service  channel 


(CratributioQ  trcm  Aiaerican  Telephooc  and  Telegra|ib  Craspary ) 


1.  Scope  of  the  Contribation 

An  ovarviaw  of  possible  inforaation  and  signalling  structures  Cor  a  Digital 
Sidaaeribar  Line  is  presented  leading  to  a  channal-level  charaetorixaticn  of 
a  generalized  Digital  Subscriber  Line.  This  specific  Digits  Subscriber 
Line  structure  is  not  proposed <  but  should  be  an  eleeent  o.f  the  set 
described  by  the  characterization.  The  raqulrMents  upon  a  signalling  eeans 
to  support  the  generalized  Digital  Subscriber  Line  are  suMarlzed  and 
several  specific  proposals  for  Digital  Subscriber  Line  signal? ing  are 
presented.  These  incline  the  signalling  channel  bit  rats«  the  use  of  a  bit 
oriented  protocol  at  the  link  level,  and  the  use  of  ■easagc  oriented 
signalling.  A  CrMceork  for  a  layered  protocol  Cor  Digital  Subscriber  Line 
signalling  is  proposed,  with  racoeeendations  for  further  study  and 
contribution. 


2.  Introduction 

An  evolutionary  process  is  underway  toward  an  all-digital  telephone  network. 
Including  digital  connectivity  into  the  subscriber's  praalses.  This  process 
began  with  the  introduction  of  digital  tnter-czchangc  tranaeisston  and  is 
now  being  extended  Into  both  the  transit  and  local  exchanges.  Mith  the 
addition  of  digital  subscriber  lines  this  all  digital  network  can  beeme  the 
vehicle  for  eany  new  eustoeer  services  based  upon  a  diract  digital  access 
capability.  This  ultleate  all  digital  environeant  will  becoaie  the 
Integrated  Services  Digital  network  {ISDN}. 


The  gcnerel  attributes  of  the  network  will  be 

1.  A  funct'onel  charwtel  structure  whereby  identifiable  chenncls  can  be 
realized  within  a  iwiiCorsi  digital  Corwat. 

2.  The  availability  of  S4  kbit/s  channels  between  the  subscriber  and  the 
network  which  aay  carry  both  digitized  voice  end  nonvoicc 
coMiunicetlon. 

3.  Canaan  ehennsl  signelllng  to  iapleaent  all  intar-axchange  signalling, 
separate  froa  the  chennels  Mailable  for  tntersubsertber 
cowstui  i  cat  ion  . 

4.  The  integration  of  non-voice  transaisslen  cepabiltties  and  services 
derived  therein  with  fecilltles  used  for  voice  coaaun teat Ion. 

A  Digital  Subscriber  Line  connecting  the  sid>scrlber  digital  station 
c^lpBcnt  with  the  network  aust  provide  a  flexible  and  robust  access  to  the 
network.  This  will  be  reaklzcd  through  the  estcnslon  of  the  C4  kblt/s 
channel  sonneettvity  to  the  subscriber,  as  well  es  the  definition  of  a  new 
signalling  Interface.  This  contribution  will  describe  In  general  tccas  a 
Olgttal  Subscriber  Mm  Mder  study  by  ATST  and  will  focus  speeifleslly  on 
the  signalling  portion  of  ths  Digital  SMsctlbar  LiM. 


■aeause  the  opportunities  afforded  by.  the  digital  connectivity  include  nany 
festcres  that  are  new  to  telephony  It  Is  best  to  state  the  overell 
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functional  needs  to  be  met  by  the  Digital  Subscriber  Line  before  proceeding 
to  details  of  an  implementation.  Therefore,  the  Digital  Subscriber  Line 
must  provide: 

1.  Basic  voice-band  telephone  capabilities.  The  familiar  call  set¬ 
up/disconnect  signalling  functions  must  be  provided  with  a 
subscrlber-to-subscribcr  voice  path  being  established.  The  voice 
path  shall  be  64  kbit/s  compatible  with  Recommendation  G.711.  The 
Digital  Subscriber  Line  itself  shall  provide  a  64  kbit/s  voice 
channel  between  the  subscriber  station  equipments  and  the  digital 
local  exchange  for  this  purpose. 

2.  Circuit-switched  64  kbit/s  digital  connectivity  for  non-voice 
communication.  This  can  be  provided  via  the  same  Digital  Subscriber 
Line  channel  used  for  voice  coiimunlcation  on  an  alternate  use  basis 
or  through  additional  64  kbit/s  channel(s). 


3.  Signalling  means  to  establish  either  voice  or  non-voice  calls  on  the 
64  kblt/s  channel (s).  The  signalling  function  proposed  herein  is 
implemented  via  a  channel  separate  from  those  previously  defined. 
The  use  of  a  separate  channel  enables  the  definition  of  new  services 
to  the  subscriber  which  require  signalling  simultaneously  with  voice 
or  non-voice  communication  as  required  to  Implement  multiple  channel 
call  set-up,  or  polling  based  features  such  as  security  services, 
etc.  Only  one  signalling  channel  will  be  specified  per  Digital 
Subscriber  Lino  regardless  of  the  number  of  additional  voice  or  non- 
voice  channels. 


4.  Provision  for  low  traffic  density  ,  long  holding  time,  communication 
associated  with  new  non-voice  services.  Many  new  service 
capabilities,  such  as  electronic  security,  electronic  funds 
transactions,  enhanced  directory  services,  and  limited  data  base 
access  have  the  characteristic  of  interaction  between  the  subscriber 
at  his  terminal  equipment  and  a  network  (or  non-network)  resource. 
These  interactions  may  be  most  efficiently  provided  by  che  network 
through  a  message  switching  capability  rather  than  throc^h  a  circuit 
switched  path. 

5,  For  a  Digital  Subscriber  Line  Implemented  using  very  wide  bandwidth 
transmission  media  (such  as  fiber  optic  links)  the  possibility  of  the 
inclusion  of  video  bandwidth  channel (s)  should  be  accommodated.  In 
particular,  the  signalling  plan  should  be  extensible  to  control  such 
channels. 

A  general  definition  which  might  cover  the  specific  realization  of  a  Digital 
Subscriber  Line  which  meets  these  requirements  is  characterized  by 

Digital  Subscriber  Line  ■  nV  +  mD  +  pW  +  S  +  P, 

where  V  represents  64  kbit/s  voice  or  non-voice  channels.  The 
specific  Digital  Subscriber  Line  will  include  n  such 
channels  where  n  1. 

0  represents  <  64  kblt/s  channels  to  be  used  exclusively  for 
non-voice  communication.  The  Digital  Subscriber  Line  may 
contain  m  such  channels  where  m  >  0. 

W  represents  high-rate  channels.  A  fiber  optic  Digital 
Subscriber  Line  might  contain  p  such  channels  where  p  >  0. 
The  specific  transmission  mechanism  associated  with  hTgh- 
rate  or  video  channels,  whether  analogue  or  digital,  cannot 
be  established  at  this  time. 


(22) 
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represents  a  message  oriented  (as  distinguished  from 
circuit  switched)  channel  upon  which  all  signalling  to  and 
from  the  subscriber's  premises  takes  place. 


F  represents  framing,  synchronization  and  other  line  control 
bits.  These  signals  are  not  available  to  either  the 
subscrioer  or  exchange  for  Information  transfer. 

A  functional  diagram  of  the  Digital  Subscriber  Line,  the  Digital  Local 
Exchange  and  the  subscriber  premise  equipment  is  as  depicted  in  Figure  1. 

The  Signalling  Channel  provides  for  the  coordination  and  control  between  the 
exchange  and  the  subscriber.  In  general,  the  subscriber  equipment  might 
consist  of  a  centralized  subscriber  control  equipment  and  a  multiplicity  of 
connecting  subscriber  terminal  equipments.  In  order  to  facilitate  this 
control  function,  the  signalling  channel  must  have  the  capability  to 
identify  call  activity  on  the  remaining  Digital  Subscriber  Line  channels, 
and  to  Identify  the  specific  subscriber  terminal  equipments  Involved  in  such 
activity.  As  such,  the  functional  needs  for  signalling  are  very  similar  to 
those  well  known  for  communication  between  a  pair  of  local  exchanges.  A 
channel  numbering  plan  and  a  terminal  numbering  plan  must  be  included. 

4.  Aspects  of  a  digital  subscriber  line  subject  to  Recommendation 

It  should  be  the  objective  of  ReCbmmendatlon  to  encourage  flexibility  where 
growiii  and  change  is  desirable,  and  to  fix  certain  parameters  where  growth 
or  <  ^ange  ixould  render  major  portions  of  a  digital  network  obsolete.  The 
possibility  of  a  family  of  specific  Digital  Subscriber  Lines  with  various 
number  of  V,  D,  and  W  channels  should  be  kept  open  because  future  service 
opportunities  may  require  additional  bandwidth.  Future  technology, 
especially  fiber  optics,  may  provide  the  high  bandwidth  Digital  Subscriber 
Line  connectivity  in  a  cost  effective  manner.  However,  the  specific 
communication  protocols  associated  ;ith  Digital  Subscriber  Line  signalling 
should  be  established  and  held  reasonably  constant  in’order  to  minimize  the 
impact  of  evolutionary  change  upon  the  network  signalling  facility.  It  is 
t'lerefore  desirable  to  establish  a  highly  flexible  Digital  Subscriber  Line 
signalling  plan  which  is  both  general  and  extensible  and  independent  cf  the 
transmission  method  and  medium  to  provide  a  built-in  mechanism  for  growth 
and  change.  Such  a  goal  may  be  realized  through  the  use  of  a  message 
oriented  signalling  protocol  following  generally  in  methor’  and  philosophy 
from  that  established  for  inter-exchange  common  channel  signu..llng. 

The  Digital  Subscriber  Line,  therefore,  should  be  defined  given  a  minimum 
configuration  with  opportunities  for  further  extension  in  the  areas  r  ^  voice 
and/or  non-voice  channels.  The  minimum  Digital  Subscriber  Line  .Ists, 

therefore,  of  a  signalling  channel  and  a  single  voice  channel.  Obvious 
extensions  include  rdditional  64  kbit/s  volce/non-volce  channels,  additional 
non-voice  channels  of  (for  the  present)  unspecified  bit  rates,  or  video  rate 
channels. 

With  reference  to  Figure  1,  the  channels  previously  described  should  be 
defined  specifically  at  interfaces  B  and  E  only.  This  will  allow  for 
evolutionary  improvements  of  the  transmission  and  system  technologies 
related  to  interfaces  C  and  D.  Interface  A  should  also  become  subject  to 
standardization  but  refers  to  the  intrapremises  link  between  a  subscriber 
terminal  and  the  centralized  communications  equipment.  As  such,  it  is  not  a 
component  of  the  Digital  Subscriber  Line;  l.e.,  it  does  not  interface 
directly  to  the  network  and  should  be  considered  separately. 

With  these  considerations  in  mind,  the  remainder  of  this  contribution  will 
be  addressed  to  the  information  structure  of  the  Digital  Subscriber  Line  as 
specified  at  interface  E.  Specific  bit  rates  will  refer  to  the  information 
bit  rate  of  that  Interface  and  not  to  the  transmission  rate  as  specified  at 
interfaces  c  or  D. 


(22) 


-  36  - 

COM  XYIII-IJo.  1-E 


5.  Bit  rates  associated  with  the  digital  subscriber  line 

th«  Digital  Subscribar  Lina  shall  carry  signalling,  voice,  and  non-voice 
inforaation  organizad  into  channels  and  conforming  to  the  expression 

Digital  Subscriber  Lina  -  nV  ♦  mD  S. 

k  bit  rate  associated  with  video  transmission  (W)  cannot  be  established  at 
this  time,  and  will  be  omit*--d  from  further  discussion.  Also,  the  specific 
bit  rate  associated  with  <  kblt/s  non-voice  channels  (D)  cannot  be 

identified  at  this  time.  at  interface  E  (Figure  1)  voice  or  non-voice 
channels  (V)  shall  be  realized  at  64  kblt/s.  The  signalling  channel  shall 
be  realized  at  >  8  kbit/s. 


The  particular  electrical  format  defined  at  interface  E  is  not  proposed 
herein.  Only  the  information  to  be  provided  at  interface  £  is  specified. 

In  addition  to  the  above  channels,  non-informatlon  bits  will  be  provided  for 
synchronization  and  alignment.  All  such  bits  used  for  line  synchronization, 
framing  and  line  integrity  appearing  at  Interfaces  C  and  0  shall  be  utilized 
by  the  Line  Terminating  Equipment  (LTE)  and  not  reported  to  interface  B. 

The  selection  of  a  bit  rate  for  the  signalling  channel  must  take  into 
account  both  the  average  message  information  bit  rate  to  meet  the  needs  of 
telephony  and  new  services,  and  minimum  delay  requirements  with  respect  to 
system  responsiveness  to  subscriber  input  stimuli.  Studies  have  shown  that 
the  average  information  rate  (channel  occupancy)  on  the  signalling  channel 
will  be  very  low  .  However,  the  delays  associated  with  a  message  oriented 
signalling  protocol  would  be  excessive  at  low  signalling  channel  bit  rates. 
Therefore,  in  order  to  minimize  signalling  delays  in  order  to  meet 
anticipated  STE/ET  delay  requirements  a  signalling  channel  bit  rate  of  at 
least  8  kbit/s  is  proposed. 


6,  Communication  protocol  associated  with  digital  subscriber  line 
Signalling 

In  order  to  maximize  the  flexibility  and  extensibility  of  Digital  Subscriber 
Line  signalling,  the  choice  of  a  hierarchical  (or  layered)  signalling 
protocol  is  recommended.  Schemes  similar  to  Signalling  System  No.  7  have 
been  considered  as  models  for  such  a  protocol.  Because  the  Digital 
Subscriber  Line  interfaces  with  the  customer's  premises,  the  cost  of 
signalling  implementation  must  be  kept  as  low  as  possible.  For  this  reason, 
the  direct  utilization  of  Signalling  System  No.  7  for  Digital  subscriber 
Lines  does  not  seem  reasonable,  However,  a  new  hierarchical  protocol  tuned 
to  the  needs  of  Digital  Subscriber  Line  signalling  is  generally  described  as 
follows : 

Level  1  -  Physical  LI  A  full  duplex  link  of  at  least  8  kbit/s  is 
specifically  proposed . 

Level  2  -  Link  Level  Controls  Link  control  procedures  using  a  bit  oriented 
protocol  with  a  frame  level  structure  comprising  frame  delimiters 
(flagt'i  ,  zero  Insertion/deletion,  and  cyclic  redundancy  check. 
This  will  provide  secure  message  alignment  protected  from 
information  pattern  simulation,  complete  transparency,  and 
effective  detection  of  transmission  errors.  Specific  error 
recovery  procedures  should  be  tailored  to  Digital  Subscriber  Line 
signalling  characteristics. 

Level  3  -  Routing:  Message  level  control  will  be  required  to  manage  end- 
to-end  message  communication. 
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Level  4  -  End-to-End-Messa9e  Transfers  Messages  will  be  passed  from  the 
subscriber  control  equipment  to  the  digital  local  exchange 
requiring  little  message-transfer  control.  However#  those 
messages  destined  for  o.ther  entities  in  (or  external  to)  the 
telephone  network  will  require  message  transfer  control.  Further 
contributions  are  required  in  this  area. 

Level  5  -  Application:  The  end  applications  consist  of  the  software 
processes  located  in  the  subscriber  control  equipment  and 
signalling  destination  which  actively  initiate  and/or  receive 
signalling  messages. 

Formal  specification  of  layering  beyond  level  5  is  not  proposed  in  this 
contribution  and  may  not  be  necessary  because  the  software  in  the  Subscriber 
Control  Equipment  will  not  be  excessively  complex.  This  does  not  preclude 
further  layering  of  the  application  layer  at  the  discretion  of  the  user. 

Specific  definition  of  Levels  1,  2,  and  3  should  be  the  subject  for 
Recommendations,  while  the  full  definition  of  Levels  4  and  5  should  be  left 
to  the  particular  Administration.  A  basic  message  set  should  be  defined  at 
levels  4  and  5  to  accommodate  basic  telephony  services.  However#  the  full 
message  set  will  reflect  the  particular  set  of  services  and  features  to  be 
ottered  by  the  individual  Administrations  and  may  vary  from  Administration 
to  Administration. 

Message  types  to  be  included  in  Level  5  Include  signal  and  maintenance 
information.  Messages  should  be  addressable  from  the  subscriber  control 
equipment  to  the  Local  Exchange  for  normal  signalling#  for  end-to-end 
terminal  control  end  for  special  call  features. 


7#  Conclusion 

A  signalling  plan  for  Digital  Subscriber  Lines  must  not  be  limited  by 
present  technological  realizations.  future  capabilities  will  surely  add 
continual  growth  to  the  requirements  of  Digital  Subscriber  Line  signalling. 
An  overview  of  a  flexible  and  extensib.ls  signalling  protocol  undet  study  by 
ATST  has  bean  described  herein  fo.  consideration  in  this  area.  A  major 
problem  area  still  to  be  addressed  is  the  interworking  of  Digital  Subscriber 
Lines  with  analogue  subscriber  lines  via  either  digital  or  analogue 
interaxchange  circuits  for  the  end-to-end  tranamission  of  push-button 
telephone  generated  information. 
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Annex  U 

(to  Question  i/XVIII) 


Studies  of  digital  local  networks 
(Contribution  from  Swedish  Administration) 


Introduction 

In  contribution  COM  XI  -  No,277/C0H  XVIII  -  No. 310  the  Swedish  Administration 
presented  the  results  of  discussions  among  some  European  countries  on  a 
possible  basis  for  international  studies  of  digital  local  networks.  The  same 
contribution  was  available  as  delayed  document  0. Ik  at  the  April  1979  meeting 
of  Study  Group  VII.  Extracts  of  the  document  are  included  as  the  Annex  to 
draft  Question  IF/VI  I  (see  COM. VI I  -  No.369i  p.2k0). 


These  discussions  have  continued  and  resulted  in  an  updated  version  of  the 
report  already  submitted.  Especially,  sections  1-3  and  l.k  of  the  first  report 
have  been  replaced  by  new  sections  1.3,  l.k  and  i-S-  For  updating  of  the  in¬ 
formation  Submitted  in  the  first  report  these  new  sections  1.3,  1-k  and  1.5 
are  reproduced  in  this  contribution.  The  report  is  a  result  of  an  expert  group 
in  which  the  following  Administrations  participated: 

Belgium,  Denmark,  France,  Finland,  Germany  (Federal  Republic),  Italy, 
Netherlands,  Norway,  Spain,  Sweden,  Switzerland. 


. . . nil . ill . .  . 


-  39  - 

'¥.  XVIII-Ko. 


1 . 3  Function.ll  -nccwart^  Qi'chi  tecture 

1.3. t  Concept  of  tv/0  categories  or  netviork  functions 

A  first  approach  is  to  identify  two  categories  of  netv.-ork  functions: 

-  a  category  of  basic  functions  relating  to  circuit  switched  64  kbit/s 
digital  connections  which  viould  be  provided  by  all  local  exchanges; 
this  category  provides  telephony  and  possibly  circuit  sviitchsd  data 


-  a  category  of  additional  functions  relating  to  services  which  require 
additional  capabilities  which  need  only  be  provided  in  special  equip- 
ments  located  in  particular  network  nodes  or  provided  by  specialized 
tub'netmrks.  The  digital  local  netvnrk  would,  as  part  of  the  basic 
functions,  provide  access  to  these  special  equipment  or  sub-networks. 
Such  access  would  be  on  demand  and  on  a  cal  t-by-..al  I  basis  following 
class  of  service  or  selection  Information  or  on  a  hot-line  basis 
for  every  call  from  a  particular  customer.  Signalling  betvjeen  the  cus¬ 
tomer  terminal  and  the  special  equipments  would  be  inslot  and  in¬ 
dependent  of  the  basic  functions. 

Figure  2  illustrates  this  concept  of  two  categories  of  network  func¬ 
tions.  Further  activities  are  required  to  achieve  a  more  precise 
and  detailed  illustration  of  different  aspects  of  the  (functional) 
netvnrk  architecture.  Also,  a  suitable  terminology  for  describing 
different  phases  in  network  evolution  needs  to  be  established.  It 
is  for  example  desireable  that  the  CCITT  definition  of  ISON  Is  modi¬ 
fied  to  take  evolutionary  aspects  into  account. 

1.3.2  Interfaces,  levels 

With  regard  to  the  different  interfaces  of  the  digital  local  net-.«rk 
(see  Figure  1)  it  will  be  required  to  define  for  each  interface  a 
number  of  Interface  elements  relating  to  the  technique  adopted  and 
the  customer  access  protocols  for  different  services.  These  interface 
elements  should  be  organised  In  functional  levels  corresponding  to 
for  example  the  open  systems  architecture  being  developed  by  CCITT 
and  ISO.  For  example,  the  Interfaces  of  the  digital  subscriber  line 
could  be  organized  with  the  folloviing  functional  levels: 

Level  I  -  Physical  link  provision  defining  the  functions  relating  to 
the  physical,  electrical,  logical  and  line  transmission 
technique  related  parameters  of  the  interface  (as  applicable) 

Level  2  -  Link  access  protocol  defining  the  functions  relating  to, 
for  each  cotnnunlcation  channel  provided  by  level  I,  the 
technique  by  which  higher  level  Information  Is  transferred 
over  the  channel. 

Level  5  *  Call  control  procedure  defining  the  functions  relating 
to  control  of  call  set-up  and  release  for  svvitched 
services. 

Level  4  -  End-to-end  protocol  defining  the  functions  relating  to 
end-to-end  communications  between  subscriber  terminals 
or  between  subscriber  terminals  and  network  resources. 
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Depending  on  the  type  of  service  and  how  it  is  accessed  the  level 
2,  3  and  4  elements  may  have  to  be  defined  separately  for  different 
phases  of  a  call. 

1.4  Customer  access  types 

Customer  terminals  and  digital  PABX  viill  evolve  rapidly  with  techno¬ 
logies  like  microprocessors,  automation  in  the  office  sector  and  the 
definition  of  new  services.  An  appropriate  definition  of  the  customer 
access  is  therefore  of  utmost  importance,  k^ilst  aiming  at  a  flexible 
and  openended  approach  to  new  services  and  customer  terminals,  a  limi¬ 
ted  nuisber  of  customer  access  types  should  be  standardised. 

1.4.1  Fundamental  assumptions 

The  customer  access  types  defined  in  this  and  subsequent  paragraphs 
relate  to  the  functional  elements  of  the  local  network  as  shovm  in 
Figure!.  A  number  of  basic  information  types  generated  and  received 
by  iSDU  customers  have  been  identified.  These  types,  which  are  charac¬ 
terised  taking  type  of  service,  information  rate  and  handling  in  the 
nettvork  into  account, comprise; 

Type  a  -  Signals  corresponding  to  a  conventional  (enalogue)  telephone 
Subscriber  station,  i.e.  including  decadic  pulsing  or  multi 
frequency  signalling  (NFPB) 

Itote  Ito  further  consideration  is  given  to  this  type  of 
information  in  the  context  of  access  definition. 

Type  b  -  Digital  information  at  64  kbit/s  representing,  for  example: 

(i)  digital  voice  at  64  kbit/s 

(ii)  digital  signals  at  64  kbit/s  (e.g.  Rec.  X. t  data 
user  classes  with  rate  adaptation  at  the  Circuit 
Terminating  Equipemnt  (CTE)  up  to  64  kbit/s) 

(iii)  Combined  digital  signal  at  an  overall  bit  rate  of 
64  kbit/s  (e.g.  digital  voice  together  with  data). 

While  some  customers  will  require  dedicated  access  to  only 
one  of  these  service  options,  provision  should  be  made  fer 
alternat.ve  operation  on  a  call  by  call  basis,  and  for  changing 
during  an  established  call.  Limitations  to  this  latter  fea¬ 
ture  will  be  encountered  in  mixed  analogue/digital  neti-orks 
(see  para  2.1.c}. 

Type  bb  -  Digital  information  at  n  x  64  kbit/s  representing,  for  example, 

(i)  digitally  encoded  broad-band  audio  signals 

(ii)  high  speed  non-voice  services  (e.g.  fast  facsimile 
or  still  picture  transmission). 


(iii)  combinations  of  (i)  and  (ii). 


Type  t  -  Telemetry  informations  at  very  lovi  rate  conveying  for  exanqiie: 
'(i)  customer  alarms 

{ii}  signals  for  remote  control  of  equtpeent  on  custo¬ 
mer's  premises 

(tii)  remote  meter  reading. 

Type  d  -  Digita?  information  representing  low  speed  services  (e.q.  accor 
ding  to  Rec .  X. I  at  a  maxinua  user  rate  of  either  4.8  or 
S.6  kbit/s;  sea  also  1.4.2).  This  information  My  be  trans¬ 
ferred  simul taneosly  with  the  information  of  type  b,  e.g. 

-  for  access  to  a  data  base 

-  fer  transmission  of  a  facsimile  picture. 

Furthemore,  d  might  represent  a  spare  cepecity  for  uses 
yet  to  be  defined. 

Type  s  -  Basic  subscriber-nettiork  sigr.a! I ir-.g  information  channel 

allowing  for  the  control  and  eonitoring  of  network  resources 
by  th:  customer  (in  a  broad  sense,  e.g.  including  call  pro¬ 
gress  Signals,  charging  indication,  caintenance  information, 
etc.). 

It  is  understood  that  a  single,  unified  sigr.alling  system  should 
be  defined  having  the  capability  to  ccntrol  the  access  of  one 
b-type  Infoncat  ion  and  also  of  one  ensemble  like  b  +  d  and  also 
of  multiple  b’type  information  accesses. 


1.4.2  Basic  access 

The  basic  digital  customer  access  to  the  ISOH  is  defined  in  relation 
to  interface  8  of  Fig.  1.  It  provides  for  the  transfer  of  information 
on  a  channel  with  the  following  composite  structure. 


The  following  aggregate  bit  rates  are  foreseen: 

~  channel  b;  64  kbic/s 
-  channel  l6  kbit/s  and  6  kbit/s. 

Note  -  The  choice  between  l6  kbii/s  and  9  kbi'./s  sh-juld  be  further 

assesed  taking  into  account  furth.r  considerations  on  the  in¬ 
formation  type;  namely  the  desirability  of  providing  for  such 
information  and  the  limitation  of  the  rate  for  such  inforn-ation 
to  4.8  or  9-6  kbit/s. 

Cnar.nci  b  rcfci'.^  tC  a  -.r.cl  with  chjr.sctifr icrics  defined  in  1.4.1 
vihile  for  channel  A  ,  two  alternatives  are  set  for  further  study; 

(A)  represents  a  comoon  pool  dynamically  shared,  as  applicable, 
by  different  information  types  s,  t  and  d. 


(8}  is  divided  <n  a  fixed  way,  by  appropriate  tioe  division  ailti- 
plexing  tecfxiiques,  into  two  subchannels  and 

A  j  is  dyn^icaliy  shared  by  tnforaation  tyoes  s  and  t 

/\ 2  is  allocated  to  inforaation  type  d. 

It  is  understood  that  the  two  alternatives  (A)  and  {8}  represent 
in  fact  two  ulasses  of  possible  solutions.  It  is  urgently  re- 
Quir^  to  evaluate  the  eieavnts  of  both  classes  in  order  to  be  able 
to  ^ickly  decide  on  only  one  (class  of)  soiutlon(s}. 

leate  I  ~  The  requirsaents  for  an  additional  cooeunicatian  channel  such 
as  for  the  d  type  of  inforaation,  (A)  and  (6)  alternatives,  aay  also 
be  covered  by  a  second  b  channel . 

Ikite  2  -  With  the  exception  of  one  adoinistration,  the  view  was  gene¬ 
rally  expressed  that  inforntion  wi  theA2  channel  tfill  be  padded  to 
64  kbit/s  prior  to  switching  in  the  exchai^. 

The  agreed  coisao  features  of  the  ^  channel  in  version  (A)  and  the 
^  ^  channel  in  version  (6)  are: 

>  Si^ialling  in  tlwe  fom  of  oessages  of  variable  length 

-  Each  Message  will  be  f rawed 

-  Frawes  will  be  dellMited  by  appropriate  flags 

-  Siptalling  protocols  should  be  bit  rate  independent 

-  Sl^ialllng  protocols  should  be  structured  into  a  niader  of  functional 
levels  or  layers  (see  1.3.2}. 

In  alternative  (A)  lAere  d  type  of  infemation  when  used  for  sone  packet 
switched  data  service,  will  be  aessaj^  interleaved  with  signalling  in- 
fonation.  the  intention  is  to  specify  a  co^Kiratively  si^le  link 
access  protocoi  (level  2)  prioarlly  designed  for  signalling  requireeents; 
thus  tl»  full  capabilities  (and  c«»plexitic5)of foraxcfi?p!e,the  X.25  inter¬ 
face,  level  2,  will  f»t  be  provided  in  the  signalling  access  protocol. 

In  the  follc-.<iog  the  tera  "ogt-slot  channel”  will  be  used  to  denote  the  ^ 
or  t  +  A2>  channel. 

I.k.j  Broadband  access 

Three  cases  of  access  for  bb-type  inforaation  have  been  identified: 

(il  In  case  the  ISBM  allows  for  ^itislot  switching  of  n  x  6% 
fcbic/s  (n  being  a  soalt  integer),  appropriate  C  and  0  type 
Interfaces  oust  be  defined,  preferably  in  line  with  other 
Standard  Multiplex  interfaces. 

Mote:  The  switlslot  switching  capability  is  for  further  study. 
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(ii)  If  {■)  does  not  apply,  a  feti  parallel  basic  accesses  according 
to  l.l».2  nay  be  provided.  Fu'ther  study  is  needed  to  incor¬ 
porate  aachanisins  within  the  CTt  which  ensure  liise  slot  se¬ 
quence  integrity. 

For  both  (i)  and  (ii),  the  agreed  subscriber  network  signalling  method 
id  identical  to  the  one  described  in  Further  study  is  needed 

for  the  practical  inpleiaentat ion. 

(iii)  For  services  requiring  several  64  kbit/s  digital  paths  an 
appropriate  standard  icultipler.  for  Subscriber  access  will 
be  providid.  The  signalling  a-rengcrent  for  these  applica- 
licns  are  for  further  study. 

!.1i.4  PASa  access 

Ti-o  cases  have  been  identified: 

Type  1  -  Access  of  the  PASX  to  the  serving  local  exchange  is  either  by 
by  a  nu=ber  of  individual  basic  accesses  or  alternatively  through 
a  suitable  cultiplex. 

T/pe  2  -  Connection  of  the  PAbX  to  the  serving  local  exchange  is  per- 
foraed  by  an  appropriate  standard  tstltiplex,  with  coRuon  channel 
signalling.  The  Message  Transfer  Part  of  the  signalling  shall  be  con¬ 
sistent  with  the  one  defined  in  CCITT  Signalling  System  No.  7. 

1.5  Explanations  to  Figure  1 

Figure  1  shows  a  nuieber  of  possible  functional  interfaces  in  the  local 
networks  of  ISOM,  some  of  tdtich  may  need  to  be  the  subject  of  recoumen- 
daclons.  It  is  eaq>hasised  that  the  block  diagr^  represents  functional 
entities  and  is  not  intended  to  represent  har«k«are  ii^lementations. 

The  following  comencs  apply  to  Figure  I. 

a)  Tiie  functional  circles  diagran  wi  thin  the  large  SLIC  box  reprcs<*nts  the 
routing  of  information  «>-pus  into  the  64  kbit/s  basic  channel  and 

the  out-slot  channel. 

b)  The  Stic  functional  representation  in  Figure  1  docs  not  it^ly  that 
ail  functions  aay  indeed  always  be  i^ler,ented,  e.g  the  out-slot 
channel  access  for  low  speed  services. 

c)  A  certoin  degree  of  flexibility  is  rccoimsnded  when  interpreting  the 
various  functional  interfaces  of  the  SLIC:  Aj,  A^,  A,  and  B^.  While 
interfaces  A.  and  A,  will  typically  correspond  to  external  equi|Ment 
interfaces,  interfaces  Aj  and  B  migist  correspond  to  internal  inter¬ 
faces  only.  Interface  Aj  typically  refers  to  the  physical  connec¬ 
tion  of  a  digital  vioce  channel  at  64  kbit/s  with  digital  out-slot 
signalling.  Should  this  interface  correspond  to  the  physical  connec¬ 
tion  of  an  analogue  voice  cha.onel  then  coice  coding  and  digital  out- 
slot  signalling  generation  would  be  psrforired  by  the  SLIC,  Interface 
A,  typically  refers  to  the  physical  connection  of  a  data  terminal 
equipment  (DTE).  For  cx3n>le  this  icay  in  the  near  future  be  on  X.2I 
or  X.25  tyoe  of  ininrface;  in  this  case  data  oiddi.nn  us  to  64  kbit/s 
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and  oufSiot  siqnariin?i  Generation  are  perforinsd  by  the  SLiC.  Hon-ever, 
for  future  data  cosnunication  this  interface  ciaht  correspond  to  the 
connection  of  a  tlT£  oensratinQ  data  at  64  kbit/s  trith  diqital  out-slot 
sionalling,  Siailarly  interfaces  A.  eioht  cerrsaDond  to  the  physical 
connection  of  slo>i  soeed  DTEs  ooerstina  uith  a  CCITT  standard  inter¬ 
face  or  a  netf  interface. 


d)  In  vieM  of  the  saver.s!  tvoas  of  interfaces  A^.  and  A,  it  is  rc- 
coonised  that  priority  should  be  qivsn  in  the  first  instance  to 
the  Study  of  interface  where  the  characteristics  of  the  64  fcbit/s 
and  the  channel  can  be  specified  reaardless  of  the  physical  icole- 
centation  of  functions  Dcrforacd  b\  STEs  and  SLICs. 


The  SLIC  cans  the  characteristics  of  the  different  Aj .  A  and  A 
interfaces  into  a  coc=»n  Bg  interface.  Interface  rcaufres  the 
specification  of  various  interface  levels,  inctudinq  the  inter- 
leavinq  technique  of  the  various  types  of  infonnation.  It  is  recaq- 
nised  that  the  interleavinq  technique  niqht  ieply  or  not  leoly  the 
provision  of  aliqneent  information;  this  information  aiqht  be 
carried  over  the  subscriber  loop  by  exoloitinq  the  line  transmission 
technique  (e.q.  the  line  codinq). 

e)  Concerninq  net%e>rlc  provided  broad-band  services  requlrinq  n  x  64  kbit/s 
the  interfaces  B. .  C.  and  0.  Mill,  dependinq  on  the  value  of  a  and 

the  conditions  in  each  particular  case,  be: 

-  n  parallel  Bji,  and  0^  interfaces,  respectively,  or 

-  Cj  and  F  interfaces,  respectively. 

See  also  1.4.3. 

f)  Concerning  PASXs  (of  type  2).  interfaces  Sq,  and  0.  uill  taatch 
the  I,  F,  Cj^  and  Cj  respectively.  See  alto**l.l:z4. 

g)  Concerning  remote  digital  concentrators  and  nuldexes  the  use  of 
the  standard  2  iSiit/s  and  -3  lti>it/s  interfaces  is  envisaged,  inter¬ 
faces  E  and  F  should  be  in  accordance  with  CCITT  flee.  G7&3>  Although 
some  differences  probably  cannot  be  avoided,  interfaces  E  and  F  should 
be  based  on  Kecs.  G  734  and  G.  746.  A  neu  muldex  with  lower  capacity 
than  2  hbit/s,  of  which  possible  standardisation  is  under  study,  can 
also  be  used  for  interfaces  £  and  F. 
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QUESTION  3/XVIII  -  Synchronization  in  digital  networks 
(continuation  of  Question  3/XVIII,  studied  in  1977-1980) 

Considering 

a)  that  general  agreement  has  been  reached  in  the  previous  study  period  on  the 
need  for  high  quality  timing  control  in  the  national  digital  networks, 

b)  that  the  decision  to  operate  international  connections  in  the  first  instance 
on  a  plesiochronous  basis  has  been  made, 

c)  that  the  interest  has  been  expressed  by  some  Administrations  in  continuing  to 
study  the  possibility  in  the  longer  term  of  a  synchronized  international  network, 

d)  that  the  requirements  on  the  interconnection  of  international  digital  links 
are  defined  in  Recommendation  G.811, 

e)  that  basic  agreement  has  been  reached  on  the  need  for  end-to-end  performance 
requirements  on  digital  connections, 

f)  that  some  of  these  requirements  have  been  defined  in  draft  Recommendation  G.822, 

g)  that  further  refinements  of  these  Recommendations  are  required, 

1)  What  are  the  requirements  for  synchronization  methods  in  national  networks, 
to  provide  compatibility  in  international  connections  and  to  ensure  the  end^-to-end 
performance  requirements  are  met  ? 

2)  What  methods  should  be  used  for  the  synchronization  of  the  international 
ISDN  and  dedicated  IDNs  7 

3)  What  additional  slip  criteria  are  to  be  recommended  for  the  end-to-end 
performance  of  a  digital  connection,  during  periods  of  temporary  loss  of 
synchronization  7 

4)  Ho'  should  the  reliability  of  network  clocks  be  defined  and  what  velues 
should  be  allocated  to  reliability  7 

5)  What  synchronization  requirements  are  needed  when  satellite  switched/TDHA 
mode  links  are  incorporated  into  the  network  7 

6)  What  further  studies  are  required  to  define  the  limits  of  wander  likely  to 
be  encountered  7  How  should  this  be  specified  7 

7)  What  modifications  or  additions  are  required  to  Recommendation  G.8ll 
(Performance  of  clocks  suitable  for  plesiochronous  operation  of  international  digits 
links)  and  G.822  (Controlled  slip  rate  objectives  on  an  international  digital 
connection)  7  It  will  be  desirable  to  harmonize  the  relevant  G,  Q  and  X  series 
Recommendations . 

8)  What  additional  Recommendations  need  to  be  formulated  to  satisfy  the  above 
points  7 


(22) 
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Annex 

(to  Question  3/XVIIl) 

Proposed  draft  Reconaendation  G.8YY  -  Jitter  and  wander 
iu  a  digital  network 

(contribution  by  Nippon  Telegraph  t  Telephone  Public  Corporation) 


1.  Introduction 


Study  Group  XVIIl  agreed  to  define  the  Recoaaendation  CSVY 
specifying  Mxlaua  tolerable  wander  as  a  design  object  of  a  fraae  aligner  at 
network  node.  The  general  guideline,  as  follows,  was  established  at  the 
May,  1979  eeatlng. 

a)  It  should  be  recognized  that  excess  buffer  size  will 
significantly  increase  the  delay  through  the  exchange. 

b)  The  specification  on  wander  should  be  taken  as  a  coaaon 
design  requireaent  for  a  fraae  aligner. 

c)  In  the  study  of  wander,  it  la  neeaaaary  to  refer  to  present 
CCITT  Recoasendatlons. 

-G.721:  hypothetical  reference  digital  path 
~  0.1 Ok:  hypothetical  reference  connection 
'0.811:  International  plealochronous  links 


This  contribution  provides  the  basis  for  technical 
considerations  on  this  aatter  as  well  as  the  text  of  draft 
rscoaaendatlon  O.BTT. 

2.  Poranoter  related  to  weuider 

2.1  Hetwerk  cgnfiguriUBn 

a)  The  national  network  has  five  hierarchical  levels. 

b)  Maxiaua  length  of  digital  links: 

long-haul  link:  5000  ka 
short-haul  'ink:  100  ka 

2.2  SfiurcB  flf  wander 

Two  factors  are  considered: 

a)  delay  deviation  due  to  teaperature  variation  In 
transalsslon  facilities; 

b)  phase  deviation  of  oscillators  at  a  network  node. 
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2.3  Hander  due  to  tranaalaalon  facilltlea 

2-3.1  Tvpea  of  tranaalaalon  avateaa 

To  apeclfy  the  wander  of  tranaalaalon  facilltlea,  it  la 
sufficient  to  take  into  account  only'  the  cable  tranamlssion  aysteaa.  It  is 
because  wander  via  radio-relay  syateaa  can  be  considered  to  be  saaller. 

Hander  of  satellite  and  optical  fiber  links  is  for  further 

study. 


2.3.2  Delay  veriation  oerfomancea 

Two  factors  should  be  taken  into  account  to  specify  the  wander 
value  of  transaission  facilities:  cables  and  repeaters. 

a)  PerfopMfine  of  cables 

Delay,  perforaances  due  to  teaperature  variation  can  be  given 
as  follows: 


syaaetrlaal  pair 

paper- insulated:  3.0  ns/ka  °C 

poly ethylene- insulated:  0.3  ns/ka  ^ 
coaxial  cable  (2. 6/9. 5  aa):  0.03  ns/ka°C 

b)  Performance  of  repeaters 

Delay  variation  perfurouince  mainly  due  to  alstunlng  of  a  tank 
circuit  can  be  specified  as  folloua: 

Ax/dT  s  2/fo  (n3/°C  rep) 

Where  At  :  delay  variation 

:■  clock  frequency  in  MHz 

AT  :  temperature  variation 

2.3.3  Teaperdture  variation 

The  values  of  teaperature  variation  are  not  yet  standardized, 
but  the  following  values  are  assumed  considering  the  typical  conditions. 


I 
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2.3.1  Installation  condltlona  of  tranamlaaion  facllitiea 
The  following  typical  conditions  are  considered: 


long-haul  link  -  coaxial  cable  (1001  buried); 

short-haul  link  -  paper- insulated  pair  (100$  buried) 


or  polyethlene-insulated  (100$  aerial). 

2.3.5  IranaBlaaion  path  ag^cl 

As  HRX  or  HRDP,  following  digital  paths  are  considered: 
long-haul  digital  link:  5000  ka; 
short-haul  digital  link:  100  km  (s  2  x  50  ka). 

2.3.6,  Wander  value 

From  the  conditions  described  above,  the  wander  value  due  to 
tranaalsslon  facilities  is  estiaated  as  follows: 


Daily 

Daily  and  yearly 

Long-haul 

0  ps 

3.6  PS 

Short-haul 

6.2  us 

10.4  ps 

Total 

6.2  ps 

14.0  ps 

(  p«ali-to-|>«ak  valuo  ) 


2.4  Wander  generated  at  a  network  node 

2.!t.i  In  case  of  sYnchronoua  network 

In  the  case  that  a  network  is  synchronized  by  a  aaster-slave 
or  a  Butual  synchronized  systea,  wander  generated  at  a  network  node  is  due  to 
phase  deviation  of  a  phase-locked  oscillator  such  as: 

a)  unstabillty  of  an  oscillator; 

b)  phase  drift  of  a  phase-locked  oscillator; 

c)  phase  deviation  due  to  digital  control, 


Taking  into  account  these  factors,  1/2  UI  ( peak-to-peak  value) 
is  considered  to  be  appropriate  as  a  maximum  wander  value  at  each  network 
node. 
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Therefore,  Mender  generated  at  each  netMork  node  la  given 

beloM. 


1.544  Mb/s:  tts  0.324  us 

2.048  )ft/s:  At  a  0.244  us 

2,4.2  BlBalgshroaflua  operation 

In  case  of  pleslochronous  operation,  wander  generated  at  a 
network  node  Is  due  to  Instability  of  oscillators  and  Its  value  Is  specified  as 
20  us  In  Recoaaendatlon  G.811.  But  as  some  administrations  pointed  out.  Its 
value  Is  too  large  from  the  viewpoint  of  feasibility. 

NTT  proposed  a  revised  value  of  2.5  us  In  the  accompanied 
contribution  (fCM  XVIll  No.  398). 

3.  Wander  in  a  digital  network 

3.1  Wander  In  a  natlonal.network 

Wander  In  each  digital  link  and  network  node  accumulates  along 
digital  links,  and  Its  accumulation  law  depends  upon  network  synchronization 
system:  master-slave,  mutual  and  pleslochronous  sytems.  Therefore,  It  Is 
necessary  to  estimate  the  maximum  wander  In  case  of  each  synchronization 
aystam. 

3.1.1  Maaff-alave  system 

In  the  ease  that  a  national  digital  network  la  synchronized  by 
master-slave  syste  the  wander  accumulates  linearly  along  digital  links  as 
shown  below: 

Att  s  ♦  CAt^ 

Atj  :  total  wander  In  a  digital  network 

At^,  :  wander  In  each  digital  link  due  to  transmission 
facilities 

Atu  :  Mnder . generated  at  each  network  node. 

Based  upon  the  network  parameters  and  the  wander  values  in 
each  section  as  shown  above,  total  wander  Is  given  am  follows* 

Atj  s  m.O  ♦  0.32  M  10 

*  17.2  (us) 

3.1.2  Mutual  synchronization  system 

In  this  case,  the  maximum  wander  in  a  national  network  Is 

given  by: 

^TT  ■  (wander  of  one  digital  link]  *  [wander  generated  at 
both  end  network  nodes] 

a  la.O  ♦  2  X  0.32 

a  14.62  (us) 


(22) 
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3.1.3  PlMiochronoua  operation 

In  this  case,  the  BaxlmuB  wander  la  given  by: 

s  [wander  of  one  digital  link]  *  [wander  generated  by 
oscillators  at  both  end  network  nodes] 

«  Ik.O  ♦  2.5 

=  16.5  (pa) 

These  eatlwatlona  lead  to  the  conclusion  that  the  aaxiaua 
wander  in  a  national  digital  network  is  17.2  psec  for  any  network  and  any 
network  synchronization  systea. 

3,2  Wander  in  an  International  network 

To  estlaate  the  wander  in  an  international  network,  the  two 
cases  should  be  considered. 

Case  1:  Digital  path  is  set  up  through  international  gateway 
exchanges  connected  by  plesiochronous  operation. 

Case  2:  Digital  path  is  set  up  directly  between  neighbouring 

exchanges  in  neighbouring  countries  where  a  national  network 
is  synchronized  to  a  reference  clock. 

In  case  1,  wander  accuaulated  in  each  national  network  is 
isolated  by  the  international  link  using  plesiochronous  operation.  Therefore, 
the  aaxiaua  wander  is  equal  to  that  of  a  national  network. 

In  case  2,  the  BaxiauB  wander  is  given  by 

At  =  [wander  of  a  national  network]  *  [wander  generated  by 
reference  clocks] 

=  17.2  ♦  2.5 

=  19.8  (ps) 

4  Jitter  1b  a  digital  Betwork 

Jitter  at  each  hierarchical  level  is  specified  in 
fteeoaaendations  for  NULDEX  and  interfaces  as  shown  below: 

1.5kk  Hb/s:  ReccBBendatlon  G.7k3 

2.048  Mb/s:  RecoBBendation  G.703 

8.448  Hb/s:  RecosBendation  G.703 

5  leeo— Bttdatlon  of  Jitter  ead  wander 

These  discussions  lead  to  the  Recoaaendatlon  G.SYX  which 
specifies  Jitter  and  wander  in  a  digital  network. 

Draft  Recooaendation  G.8YY  is  attached  as  an  Annex  to  this 
contribution. 
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Annex 

{to  proposed  draft  Recoaaendation  G.8yY) 
Jitter  and  wander  in  a  digital  network 


1  General 

This  RecoiMndation  deala  with  the  lower  Halt  of  aaxlaua 
tolerable  Jitter  and  wander  in  digital  networks  to  establish  coaaon  design 
requlreaent  of  a  fraae  aligner  at  each  network  node.  The  fraae  aligner  Is 
looatad  in  i  difltil  exchange  teralnal,  a  synchronous  digital  aultiplex  or 
other  aynchronoua  equlpaenta.  Digital  networks  synchronised  by  the  following 
syateas  are  aaauaed; 

International  links  — — —  plealochronous  (C.811); 
national  network  aynchronoua  (Baater>alave  or  autual) 

or  plealochronous. 

2  Jlttar  mna  4n  ■  dleltal  network 

2.1  Jitter  and  wander  In  a  national  network  or  international  links 
YU  iititay  flfflfigg 

The  ■axtauB  tolerable  Jitter  and  wander  at  an  input  of  a 
fraae  aligner  la  a  national  network  or  an  international  link  via  gateway 
offices  are  apeoified  by  figure  1  and  Table  1. 

2.2  Jitter  and  wander  for  local  nelefabourhood  international  links 

The  aaxlaua  tolerable  Jitter  and  wander  for  local 
neighbourhood  international  links  are  specified  by  figure  1  and  Table  2. 


(22) 
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TABLE  2 


Values  fpr  Malt  tolerable  and  wander  at  frame  eligiera 


2048  kbit/s 

8448  kbit/a 

1544  kbit/s 

A,  (us) 

19.8 

19.8 

19.8 

A,(UX} 

X.S 

l.S 

2.0 

0.2 

0.2 

0.05 

f,(Hz) 

3  a  10'* 

3  a  lO"* 

3  a  10** 

nsfli 

20 

20 

10 

f,(ila) 

2.4  a  10* 

400 

200 

f,(u) 

18  a  10* 

3  a  10* 

•  a  1(>* 

£^(Ha) 

100  a  10* 

400  a  10* 

40  a  10* 

gJESTION  -  SignaUing  for  the  ISDS 

(continiihtion  of  part  of  Question  2/XVIII,  studied  in  197T-1980) 

CcMisiderinK 

a)  the  need  for  IDIs  to  be  a  subset  of  the  ISIW; 

b)  that  Recomendstions  for  Signalling  Systea  So.  7  have  been  preiwred  in 
Stoiy  Gitn^  XI  (aessage  transfer  part,  coaaon  to  all  users  and  sevlces,  and  telepbony 
user  part)  and  in  Study  Group  VIX  {data  user  ^rt); 

e)  that  Beet»Bendati<ai  X.25  exists  for  rec(»aending  an  interface  between  VTE  and 

KB  for  terainals  operating  in  the  ^chet  aode  on  public  data  networks  j 

d)  that  Sipialling  Syst«  So.  7  is  like^  to  be  used  as  the  ^sis  for  network 
signalling  for  otl^  soiviees  in  an  ISDS^ 

e)  the  need  for  additional  requireaents  for  eustoer  access  signalling  identified 
in  Stv^  Group  XVIIX; 

f )  that  istoworking  between  eustoaer  access  signalling  and 
CCITT  SigMlling  Systea  So.  7  will  be  reqjuredj 

g)  ttet  functional  leering  c«icepts  for  data  networks  are  being  developed  m 

ccmi 

h)  thpt  coordinatitm  of  the  various  signaUi^  requireaents  xn  an  ISBM  is 


f^essarv} 
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What  are  the  principles  which  should  forss  the  basis  for  detailed  stu^  of 
signalling  for  ISDN  and  provide  a  franework  within  which  equi^e^nt  SecoEcsendations  can 
be  produced  by  the  specialized  Study  Groups  in  regard  to  : 

1.  for  customer  access/network  signalling  for  terminals  (including  multi-service 
terminals  and  PABXs)  connected  to  an  IS3H  ? 

2.  for  handling  inter-exchange  signalling  for  the  various  services  in  an  ISDH  ? 

3-  for  througji-signalling  from  customer  equipment  to  network-provided  resources 

and  from  custcsier  access  including  multi-service  terminals  to  another  custraaer 
equipment,  end  to  end  ? 

h.  for  signalling  between  ISDH  exchanges  and  dedicated  networks  ? 

5-  to  provide  signalling  arrangements  for  the  switching  in  and  out  of  digital 

processing  devices  as  required  in  an  ISDH  ? 

6.  to  provide  for  the  application  of  the  functional  layering  principles  in 

developnent  of  signalling  protocols  in  an  ISDH  ? 

Bote  :  Relevant  material  is  to  be  found  in  Annexes  3  and  h  to  Question  1/XVIII. 
QUESTIOH  5/XVIII  -  Switching  for  the  ISDN 

(continuation  of  part  of  Question  2/XVIII,  studied  in  1977-1980) 

Considering 

“  the  need  for  IDIs  to  be  a  subset  of  the  ISDH, 

“  tiat  Recfumup  ndations  for  digital  transit  exchanges  lave  been  prepared  in 
Study  (!rot9  XI, 

-  the  need  for  exchanges  to  be  able  to  switch  64  kbit/s  circuits  i*icb  My  be 
carrying  voice,  data  or  other  services, 

-  the  need  for  exchanges  to  meet  operational  and  performance  requirements  of 
voice,  data  and  other  services, 

-  the  need  to  control  processing  devices  which  aay  be  inclialed  in 
tfctmections. 


-  tlie  need  to  provide  interworkisig  and  interconnection  between  different 
standards  and  different  types  of  dedicated  networks. 


the  contribution  of  exchanges  to  overall  network  serforMscM, 


-  the  need  to  provide  interfaces  appropriate  to  equip^nt  which  will  he 
connected  to  exchanges,  frss  the  cust<s:er  side  and  the  iaterexchaa^  side, 

*iQ«t  are  the  principlas  which  ahould  form  the  baais  for  itotailad  atuty 
of  for  ISM,  and  pitnrida  a  fraaai'ork  within  «d;ieh  aqwdfaMit  ftarriMiiiiTiTiiii 

can  be  produced  by  the  apeeieliaed  study  groi^.  The  foUowir^  Mints  ■hmiia  be 
included  in  the  studies  : 

1,  The  interface  screen  local  netwcik  digital  transniasicas  saI  tlw  local 
exchange  (or  ccmcentrator}- 
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2.  The  Intcrfacs  betwMn  trunk  and  Junction  digital  transaisslon  ayaten  and 
local  and  trunk  axchangaa  of  ISON* 

3*  Tha  intaiface  batuawa  ISOM  axebangw  and  transaisaion  ayatevs  to  dadieatad 
natworks. 

4.  Proviaion  of  general  faaturea  raquirad  by  nany  aarvicea  on  ISM. 

Proviaion  of  aarvica-dapendant  faaturaa  raquirad  In  parta  of  ISOM. 

6.  Mathod  of  oontrolUng  signal  procaaaing  davioas  (a.g.  echo  si^prassora). 

7.  Arranfeaants  for  darlving  charging  infomation  according  to  tha 
ragiit  rawaiita  of  d^farant  aarvicas  carriad  on  ISDN. 

8.  AmngsMnts  for  tha  usa,  idantlfleation  and  analj^ls  of  sarvica 
indication* 

9*  KatMork  addraasing  and  mabarlng  and  routing  options  for  intamoiicing 
batvaan  tha  ISOM  and  othar  aatuorks,  and  Intareonnaxloiia  of  euatonat*  eeni»ctad 
to  tha  XSOi  euatonars  eonnaatad  to  othar  natworks* 

lU.  Hathoda  of  eanying  •fldar'baad  aarrices  by  aaans  of  nultl-alot.  connexions. 

11.  Switching  jirngrani  laqairanHits  eoesistant  with  natwork  rsquirananta 

(in  cot^aration  with  Question  o/T-.'lll). 

12*  Qparation  «d  nalntananea  of  switching  (in  cooparation  with  Question  12/XVIXI). 

13*  Any  additional  proviaiona  to  faeilitata  a  aaooth  transition  towarda 

a  coaprahanalva  ISDN*. 

Bate  :  Relevant  saterial  is  to  be  found  in  Annexes  3  and  k  to  Question  1/XVI^I. 


(gffiSnON  6/XVIII  “  Definition  for  digital  netwarks 
(continuation  of  Questiem  7/XVIII,  studied  in  19T7~1S8C} 

Vbat  definitiem  shoidd  be  given  to  tetas  used  for  digital  systess  ( including 
svitehifig*  signalling,  synchronisation  and  transaisslon  syst^s)  ^diich  fors  part  of 
digital  networks  t 

lete  1  :  Studies  cm  this  Questiem  should  be  Iwsed  on  Rec^seadaticn  G.T^. 

lote  2  :  I^iporteur  for  this  Question  will  act  as  coordinator  for  the  stu  dy  of 

related  defin£ti;»>s  produced  in  other  Stiidy  Groups,  e.g.  Study  Groups  VII  and  XI . 

Mote  3  :  It  is  undersccod  that  in  the  present  set  of  Questions  the  term  "Digital 
getiftarks"  inclines  both  the  HRI  and  tl»  ISDS.  - 

^'ESTICJi  7/XVIlI  -  Encoding  of  speech  and  voice-band  signals  using  s^tnocs 
other  than  PCM,  in  accordance  with  Eect^^ndation  G.711 

(cantin‘.&tion  of  ^testion  10/XVIII,  studied  in  1977-1580} 


teisideriag  that 

a}  PCM  encoding  for  speech  is  widely  used  in  telec^susicaticn  nev.nir»s 

for  telepiosy  (A- law  and  y-iaw). 


are 


b)  progress  in  technology  is  likely  to  offer  other  coding  cethods  which 
of  a  technical  and  econcsaic  interest, 

c)  there  is  a  desire  to  make  efficient  use  of  transcassion  paths, 

d)  proliferation  of  standards  in  the  world  wide  digital  network  leads  to  the 
need  for  code  converters  and  to  operational  coaplications , 

e)  the  ION  and  ISON  studies  are  based  exclusively  on  bh  kbit/s  paths 
the  following  should  be  studied  : 

Should  any  other  encoding  Kthod  (e.g.  adaptive  differential  PCM,  delta 
s>dulation  or  sub-hand  coding)  be  reeoiaaended  for  use  in  international  networks  ? 

If  so,  for  what  applications  are  they  suitable  and  what  are  the  relevant  trsnsisission 
perforaance  criteria  ?  Uhat  are  the  inter-working  probleas  with  systetis  using 
standard  PCH  encoding  ? 


In  the  frane  of  this  Question  the  following  probleas  should  be  considered  : 


1.  choice  of  encoding  aettods, 

2.  choice  of  a  bit  ;nte  for  encoding  of  speech  signals, 

3.  effect  of  digital  network  iiapairc^nt  on  voice  and  voice-band  data  signals 
transsitted  over  codecs  (ADPCM,  W,  and  others), 

1».  voice-band  data  transnission  at  various  rates  in  channels  forced  by 
ADPCM,  114  and  other  aetbods, 

5.  transnission  perforsence  of  codecs  connected  in  tand^  (ADPCM,  CM  and  others) 

6.  ec^»tibility  with  digital  networks  based  on  ot  kbit/s  tine  slots, 

T.  cs^»tibility  with  digital  signals  encoded  by  other  methods,  for  exa^ie 
6b  kbit/s  PCM, 

-3.  the  perforance  of  the  lower  rate  speech  coding  scb«ses  when  they  are 
connected  in  tandes  with  an  appropriate  digital  conversion  to  interface 
with  the  existing  n-law  and  A-law  6b  kbit/s  Rectaaendation  G.711, 

9.  quantification  of  the  i^sairsant  to  voice  and  in-baai  data  services  when 

the  digited  path  produced  es-rors  in  the  range  allowoi  by  Reccasendation  0.8-21 

10.  the  nethods  of  assessiant  used  in  the  evaluation  of  speech  performance 
(cosseats  of  Study  Croup  XII  will  be  requested  on  this  matter), 

11,  usage  of  encoding  sethods  other  than  PCK  for  wideband  speech  signal 
transnission. 


nunber  of  code  words  used  to  eliainate  the 
r  to  facilitate  world  stacdarditatior.. 


the  effect  of  reducing  the 
all-tero  code  word  is  orde: 


I  mil-Ho.  l-E 


Reply  to  Questia 


Arssex  1 

(to  Questicp  l/Xnil) 

r'XVIII  (Other  sathods  of  encoding  than  rCl’i, 
study  period  19TT-1980 


The  studying  bcinc  carried  out 
s!:s»ed  that  probless  of  choice  cf 


iurine  the  last  study  per:c-i 
reotial  encssiir.p  sethei  asi  oC  ar.  eccc 


hit 


sinicn  that  it  ueuld  he  sirr  'y 
d  in  Peptics  of  v--o  cn-r^jn."  ~Cr; 
rd  the  A  to  u  cor.ccrsiis  ■ 


:tal  uetheds 


rate  are  sost  iaportact  and  urgent. 

Many  Adsanistratiens  endorsed  t 
to  ha?e  a  situation  u-sieh  in  the  past  res 
(A  and  li)  end  «diich*  subsequently*  nc*e*.* 

■T}^  eajority  of  Adrjnistrations  agreed  that  uhen  using  dtf.erer. 
of  encodinc  Uie  encoding  bit  rate  should  be  s-.feaatipie  to  6-  kbit/s  ita 
3  keii/s.  The  preferable  encodinc  bit  rate  is  32  abit.s. 

During  the  nreceding  stu^  period  J973-I975  the  study  nainiy  ^lateu  ;o 
adaptive  delta  =odulatic=.  The  present  study  period  ^  ^ 
adaptive  differential  ?0!  CAB*Oli  at  »  kbit/s  for  voice  ««1  voice-band  .a.a 

transaissiM. 

Study  Cnnni  WUI  talws  not*  of  tisa  Molts  obtsioad  by  Stuly  Gro^  Ml 
for  m  sstlssts  of  s  aslas  of  dlstortloo  sud  iwabsr  of 

oBits  with  32  kblt/s  WPCIl  proesM. 

Mcreover  the  ojdaico  vas  eiq^ressed  that  the  differential  encoding  ™tb^ 

transadttinr.  wideband  voice  signais  uithout  .n.reasinc  «* 

Ai,  opinion  w«  also  espressed  that  -hen  chooai^  the 

««J  1^  of  enco^oe  the  ^lens  rnfr;du=ri;n  ef  this 

should  be  taken  into  catsideraw*.-  *tte-i<B>  vas  dra«s  to 

new  encoding  srthod  ^  i«e*ra^  s^^rencoc 

necessity  of  studying  the  proolen  oi  ttssi*Si — i-.-  wi... 
isy  other  methods,  for  eMsple  6h  kbit/s  resulting  fns  ?Ch  encoding  .=  a- 

with  Sec«ssendati«s  G.711- 


irdsc 


The  results  obtained  durin 
to  prepare  any  draft  Secesjendat  i«s 
be  noted  that  tla  ^st  pressing  prob 
for  differential  encoding  seta^. 


the  present  study  period  gave 
other  ^t^ds  cf  encoding  tr 


so  obPort 


»'!'«  WJ 


Cc^tritetios 


1. 

A  distisctics  slimU.d  be  dress  betve^  tse  two  types  sf  eqsi^est  ijrfveeted 
below  wfaes  ctasidering  as  eaeodise  other  tian  ?QC,  s^^h  as  iH3f  diffsestial 

adaptive  encodias  at  32  kbit/s  iVOSSAi  : 

-  •  tersisal  sMch  conrerts  t^  AF  si^al  directly  into  as  esac^sd  sigsal, 

at  32  kbSt/s,  and  vice  versa; 

-  the  e(^  ctaiTerter  idiich  e«s^rts  tix  ^^oded  PCM  ■*  &«  U>it/s 

(A-laar  or  u-lawj  into  a  si^al  eroded  at  a  lower  bit  rate*  e.g.  3e  kbit/s* 

and  vice  versa. 

’'&a«)ding**  is  the  i^erati^  effected  a  tessisal  **code  e^vetsigt** 
tbat  effected  bf  a  cote  cgmrter. 

A  givec  escodi&s  tecdmiqia  will  tberefcsre  lave  the  istsperty  of  sgs-acctasslteissi 
of  isgiaixaents  in  successive  code  crawersions,  if  tte  following  ofcratioBS  : 

AF  ■  '  ■  PCM - *  i^MBA  — —  PCM - -  AF 

ai^  AF— PCM - ►K3EA  — PCM - *  PCSSA  -  ■  •  ^St - -  AF 

produce  the  see  inpaiiaest  regardless  sf  the  mser  of  isteaediate 
WM - - TCH  seqi^ces. 

Chis  ptoperty  relates  solely  to  successive  cote  eoaversicte. 

Itoagraidi  2  s!u^  the  ^hrastage  of  this  prtnar^  tte  iatrt^sKtigs  of 
32  kbit/s  esc^isg  techniques  into  a  digital  etwors. 

fla  French  Adsisistration  las  stxidied  a  differential  ^  kbit/s  rot  coding 
tecbniqia  with  additive  quantizer  aid  fixed  predictor  which  pcasesses  this  property 
(see  031!  XflH-fe.  2b8,  stuiy  period  1077-1900}. 

To  i^g-ove  the  subjective  qaalitv  sf  32  kbit/s  POM  ecsding  t«:bsiqas 
using  a  fixed  predictor,  Adninistratioas  (iiKluding  the  «ew:h}  lave  proposed 

the  use  of  K  kbit/s  adaptive  quantizer  and  Captive  predictor  differential  PCM 
eiKoding  tectaiiques.  The  French  Msisistration  wmsld  also  piint  oat  to  other 
Adsinistrations  studying  such  encoding  techniques  that  it  t^uld  be  useful  if  these 
techniques  also  possess  the  property  of  :^c-acetcailstien  of  i»airssts  in  successive 
c^e  oonversiwis.  Studies  along  these  lines  are  »t  present  in  pr^ress  in  Fsasce. 
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2.  Mon-accumxilation  of  impairments  in  successive  code  conversions 

The  purpose  of  this  paragraph  ia  to  consider  the  repercussions  of  the 
property  of  non^accuMilation  of  iapairaent  on  the  successive  code  conversions  which 
can  apprzsr  in  a  digital  network. 

IjSt  us  consider  a  digital  network  with  TDM  switching  and  a  bit  rate  of 
&>  kblt/s,  and  the  ease  (Figure  1)  of  a  call  routing  following  several  .digital 
tranaaisaion  paths  separated  by  TDM  ewitcbing  centres.  A  priori.  $f  we  use  a 
conventional  32  kbit/a  coding  in  transaission  and  we  put  a  oods  converter  at  each 
svitehing/transaission  interface,  each  code  converter  will  introduce  its  own 
iapairaent  and  the  total  iapairaent  will  be  proportional  to  the  nuaber  of  circuits 
involved. 


if.  on  the  other  hand,  the  32  kbit/s  coding  used  for  tranaaisaion  does  not 
accMulate  iapairaenta  in'  successive  code  conversions,  the  total  iapairaent  will 
correspond  to  the  iapairaent  caused  by  a  32  kbit/s  coding/decoding  irrespective  of 
the  nuaber  of  circuits  used  for  the  call. 

This  type  of  digital  routing  will  become  very  common  once  network 
digitisation  is  sufficiently  advanced,  hence  the  importance  of  impairment 
non-accumulation  in  successive  code  conversions. 


(22) 


. . .  *! . . . . . . . 


Figure  1  -  Examples  of  digital  calls 

-  Case  I  Example  of  6U  Xtiil  'i  digital  call 

-  Case  II  Example  of  digital  call  using  a  32  kbit/s  section  :  the  impairment 

compared  with  Case  I  is  that  of  a  PCM  D  coding/decoding 

-  Case  III  Example  of  digital  call  using  two  32  kbit/s  sections 

The  impairment  is  the  same  as  in  Case  II  provided  that  the  32  kbit/s 
coding  has  the  property  of  non-accumulation  of  is^irment  in  the 
successive  code  conversions 

SCU  :  Subscriber  connection  unit 

LTDHC  :  Local  TDM  centre 

TDKTC  :  TDM  transit  centre 

PCM  PCM  D  Code  converter  PCM  PCM  D 

PCM  D  PCM  Code  converter  PCM  D  PCM 

Only  one  call  direction  is  shown 
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Annex  3 

(to  Question  l/Vyill) 


Quality  evaluation  of  codecs  at  32  kbit/s 
(contribution  by  Bell-Northern  Research) 


1.  latroiactlag 

lacMC  •xparlMBcal  work  on  awr  AOKM  Codec  dootsao  eoaduetad  ac 
loUHtoctliara  ■••••ceii  ladieaco  thee  ebo  opaoeb  e<*alley  oktolaod  with  32  kblt/o  AOKM 
eoau  elooo  to  chat  obcaiood  with  8-htCyli«2S3  coapoadad  PCM  codoes*  la  parclcular* 
eaa  eodae  daolpBO  oars  aoaiuatodi  ona  aaploylag  o  tlxad  chird^ordar  pradlctor  aad  aa 
adapetaa  ooa  uaifota  daaaelaar.  haraaCcar  taCacrad  to  aa  tha  'f32'  e^oe,  cha  aacoad 
aaploTlai  aa  adapclva  ehird-otdar  pcadictoc  aad  cha  aaaa  daoatlaar  aa  kafora, 
haraaCcac  cadarrad  to  aa  cha  'T32'  codas* 


2. 

(a)  loth  iOlOl  codaea  aaat  cha  al^oaX-to-eocal  dlatottlaa  taels  taapiata  of 
OeXR  laeoMaadatioa  0*712*  Pi<ota  S  for  fgo^aoaataa  balaw  1100  Is*  lav 
hl«har  tradaaaelaa,  tha  aiiaal-c»>tatal  diaeortloa  ratio  drof#  roflilp  for 
eha  *132*  eodaa*  hat  raaalaa  ahawa  30  dl  for  tha  'f32** 

«a)  Tha  tahjaaelaa  apaaeh  profaraaea  taaea  show  that  tha  taalitp  af  apaarh 
traaaaietad  aaor  eha  't32'  eodae  la  eoaparabla  w  chat  af  apaaeh 
traaaaltead  over  aa  lohlttyfeaUS  fCM  eodae*  tha  taalltp  of  apaaeh 
traaaalttad  over  eha  '132'  eodae  la  allohclp  aarao  thaa  that  of  apaaeh 
traaaaltead  over  as  ••^hle  bat  haccae  thaa  that  aaaa  a  T-bit,  FCM 

eadas* 

(c)  Voice-band  data  transmission  at  data  rates  up  to  U8qo  bits  over  the  ’V32' 
codec  resulted  in  bit  error  ratios  of  less  thaa  10”®.  In  contract,  the 
'F32'  codec  shows  bit  error  ratios  of  more  than  10”^  at  the  tested  data 
rates  of  2U00  bits  and  U800  bits. 

(d)  Tha  teat  raoalta  cooflraad  that  el«aal>to>cscal  dlacartioa  ratio  with 
apaaeh  altaal  lapet  la  aot  aaltabla  to  aecerstalp  aaaaoo  tha  faallty  of 
IDICM  oodaea*  For  tha  aaaa  aidijacclTS  ^aallCF*  tha  altaal-ta- total 
dlatortloa  ratio  (apaaeh  loput  alhaal)  of  tha  taotad  dBfCM  codaea  la 
nMOTlctlly  approzlaacalF  •  dl  lowar  thaa  tha  esmapoadlaf  alCBal»to«coesl 
dlacortlsa  ratio  of  PCM  codaea* 

k  -ai**-*  sopMOtad  aipaal-c»«coCal  dlatortioe  cacto  (apaaeh  input) 
paalier  i^lcator  aodallad  after  Sicharda  (11  voa  also  taatad  aad  abowad  no 
aueh  hiaa.  Tha  tualley  ladicacov  Q  ia  daflaad  bars  aa 

Q  *  20  lot  2 
ahara  let  (l-H|*)  -  ^ 

aad  It  •  id  aoaplaa  at  8  kla 

■  •  aa^^  of  •  aa  blocks  la  cha  alpnal 

■  orif teal  apaaeh  aaaplaa 

■  caeoaaecuetad  apaoeb  aaaplaa 


(22' 


|!]ll|||lip^  . . 
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3*  C— cliMte— 

A  siaila  32  tikle/a  AOKK  Mcodae  appaars  co  provlda  a4a^ca  parfoxBaaca 
Car  raiea  eraaaaiaalaa  avar  m  attar  Ctaa  ehannal. 

(a)  Vat  vaiaa  csaaMlaaiaa  aoly  AOKM  with  fiaaC  pradictlaB  (r32)  la 
aaCCieiaac* 

(k)  It  botk,  roica  aad  volea-baad  data  ai<aala  ara  to  ba  ttaaaBlCtad,  AOKM 
•1th  find  pradletln  (V32)  la  aac  adaaoaca  but  tha  ABVCM  with  adaptlva 
ftadlffln  fV32}  mtf  ba  aulcabla. 


(a)  Ta  aaaara  apaaeb  ^aallty  bactar  thaa  that  of  7-bltt  U*2SS 
laaac  titird  aNar  pradlcclaa  la  ADfCM  eadaca  la  tadlcatad. 


rat.  at 
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Annex  U 

{to  Question  7/XVIII) 

Speech  coding  at  32  Kbit/s 
( Extract  from  COM  XVIII-No.  l85  -  Italy) 


1.  Introduction 

This  Annex  describes  a  digital  Differential  Pulse  Code  Modulation  with 
adaptive  quantization  (ADPCM)  developed  and  tested  in  Italy.  Its  performances  in 
terms  of  objective  as  well  as  subjective  measurements  are  shovn  and  compared  with 
a  6b  kbit/s  PCM  system. 

2.  ADPCM  730  :  A  fully  uAgital  adaptive  differential  PCM 

Figure  1  shows  the  block  diagram  of  a  DPCM  with  ad^ttive  quantization. 

The  input  signal  digital  sauries  Sg  are  coaipared  with  the  sample  S  , 
being  the  prediction  filter  output;  this  difference  e^,  called  prediction  error, 
is  coded  and  transmitted. 

Prediction  is  performed  by  using  Equation  (1)  ; 


n  n  -  1 

r_  ■  d  ♦  S 
n  n  n 


0.5  r 


n  -  2 


(1) 


The  predictor  coefficients  were  computed  so  as  to  minimize  the  mean 
square  error  e®^.  A  filter  with  two  coefficients  only  was  chosen,  because  by 
increasing  the  number  of  coefficients  the  signal-to-prediction  error  ratio  does 
not  iaqirove  considerably. 
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The  adapter  modifies  the  bit  quantizer  step-size  on  the  basis  of  a  short- 
time  estimation  of  the  r.m.s.  of  signal  e^  to  be  transmitted.  In  order  to  avoid 
the  transmiesion  of  the  step-size,  it  is  confuted  both  at  the  transmitter  and  at 
the  receiver  using  samples  d^^,  i.e.  the  prediction  error  after  quantizing  and  inverse 
quantizing. 


Step-size  coBq;iutation  is  performed  by  using  the  following  equations  : 

On  -  c  Pn  (2) 

P  -  (1  -  2'^  P  ,  ♦  2"*'  d„  (3) 

n  n  -  1  n 

where  c  ■  0.5  and  k  >  2  were  chosen  to  maximize  the  signal-to-noise  ratio  measured 
by  coiqmter  simulations. 


3. 


ADPCM  730  :  Objective  and  subjective  performances 


The  signal-to-noise  ratio  is  computed  as  : 


S/H  =  10  Log 


<  s~n  > 

<  (Sj,  -  r'  > 


where  s  and  r'  eu:e  referred  to  in  Figure  1. 
n 

S/N  consists  of  the  two  following  terms  :  S/'E,  the  improvement  due  to 
prediction  and  E/N,  the  signal-to-noise  ratio  of  the  quantizer. 

In  the  case  of  the  predictor,  with  the  two  chosen  coefficients,  S/E  is 
slightly  higher  than  L  dB,  while  E/N  is  about  17  dB;  then  S/N  is  greater  than 
21  dB. 


Figure  2  shows  the  objective  performances  of  the  system  on  the  whole 
telephone  signals  range,  in  terms  of  S/N  ratios  of  a  6L  Kbit/s  and  of  a  32  kbit/s 
log  -  PCM  for  comparison  reasons. 

It  has  to  be  pointed  out  that  S/N  is  always  greater  than  20  dB.  In  fact. 

It  was  verified  that  if  S/N  exceeds  this  value,  for  multiplicative  noise  and  telephone 
speech  signals,  subjective  quality  is  quite  independent  from  the  came  3/N  value. 

In  ADPCM  730  the  noise  is  really  multiplicative,  as  shewn  in  Figure  3, 
owing  to  the  quantizer  step-size  adaptation.  In  fact,  the  noise  is  always  masked 
by  the  speech  signal  and  then  it  is  less  perceivable  than  an  additive  one. 

Moreover,  ADPCM  can  present  an  adaptive  quantizer  characteristic  saturation 
which  can  be  referred  to  as  slope-overload,  because  the  system  is  differential  and 
which  is  due  to  the  deconvolution  process.  An  example  is  shown  in  Figure  L,  where 
a  typical  speech  waveform  and  noise  are  plotted. 

This  kind  of  noise  does  not  present  a  great  infuer.ee  on  subjective 
osessments,  while  it  is  more  important,  for  the  overall  noise  objective  measurement, 
starting  from  the  given  definition. 

In  the  case  of  the  AEPCI-J  730  system  S/N,  evaluated  by  excluding  the  sa.r!cles 
presenting  slope-overload,  is  2  to  3  dB  greater  than  overall  S/N. 
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Subjecti%'e  tests  «ere  perforaed  by  the  categoricai  judgment  method  for 
oh  Kbit/s  log  -  PCM  channels  as  well  as  for  the  described  AJDPCM  system. 

The  tests  were  carried  out  during  a  conversation  between  two  operators 
who  gave  their  judgment. 

The  mean  opinion  was  obtained  from  20  people  assessments  and  every  one 
carried  out  two  tests  under  each  measurement  condition. 

Figure  5  shows  the  mean  opinion  score  versus  the  link  overall  reference 
equivalent  for  6U  kbit/s  log  -  PCM  and  32  kbit/s  ADPCM  channels.  It  can  be  seen 
that  the  mean  opinion  score  presents  only  a  small  difference  in  both  conditions. 


Tests  have  also  been  carried  out  on  the  tranaaisaion  of  data  signals,  telex 
and  OF.  sipialling  in  the  voice  bandwidth. 

For  telex  and  MF  signal ling,  no  impaitments  due  to  the  ASPCM  coding  process 
have  ba^  observed. 

As  regards  data  signals,  no  quality  impairments  are  introduced  by  the 
erperirental  equipments  idien  the  data  bit  rate  ia  lover  or  equal  to  2b00  bit/s 
end  no  sere  than  two  A/D  -  D/A  conversions  in  tandem  are  included.  Data  transaussion 
tests  at  1*000  bit/s  were  not  completely  satiafactoiy.  Studies  are  being  carried 
out  far  assurieg  a  good  transmission  quality  also  at  thia  bit  rata. 

It  is  worth  noticing  that  in  tha  equipmants  devalopad,  an  algorittaa  ia 
provi()«d  in  ordar  to  prevent  the  propagation  of  errors  introducad  by  tha  channel. 
Therefore,  tha  quality  of  tha  digital  connactian  in  terns  of  error  rata  ia  not 
ix^airad  by  the  ADPCM  coding  process. 

Liataning  taste  sbowad  that  quality  ia  not  conaidarShly  influancad  by 
cbar.ir  1  error  probabilitiaa  up  to  10~^. 
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Figure  2  -  S/N  performance  of  adaptive  DPCM 

and  log-Pra  versus  input  speech  level 
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(tc  Question  7/KVIIl) 


Use  of  differential  encoding  for  "«idebar.d  speech"  in  the  I5EN 
(contribution  from  Federal  Republic  of  Germany ) 


Differential  encoding,  such  as  delta  modulation  or  ADPCM,  has  been 
taken  into  consideration  In  the  interest  of  reducing  the  bit  rate 
required  for  voice  transmission.  For  applications  of  this  kind,  the 
majority  of  Adalnlatrationa  agreed  that  the  encoding  bit  rate  should 
be  32  kbit/s  (see  Reply  to  Q.10/XVIII,  Study  Period  1977-1980). 

This  Contribution  is  Intended  to  draw  the  attention  of  S.C.  XVIII  to 
the  fact  that  differential  encoding  may  also  be  used  for  an  entirely 
different  purpose,  namely  for  providing  a  "wideband  speech"  service 
in  the  Integrated  Services  Digital  Network  (ISDN).  A  suitable  {and 
rather  simple,  hence  economically  attractive)  encoding  acheme  is  the 
well-known  Continuously  Variable  Slope  Delta  Modulation  (CVSD)  [  ^  J 
which,  tdien  used  at  64  kbit/s,  enables  speech  with  a  bandwidth  of 
about  6  to  7  kHz  to  be  encoded  with  good  quality.  This  could  be 
attraetivSt especially  in  connection  with  "loudspealiar  telephones". 

Cemparad  with  -the  encoding  of  wideband  speech  by  PCM  at  126  kblt/St 
CVSD  has  the  advantage  that  only  64  kbit/s  are  used  (no  multi-slot 
service  with  aecoapsnying  problems  of  providing  "digit  sequence 
integrity"  and  of  increased  blocking  probability). 

An  additional  advantage  may  be  seen  in  the  fact  that,  if  a  uniform 
encoding  scheme  is  standardized,  no  code  conversion  in  international 
eonnectlons  is  required,  in  contrast  to  PCM  encoding. 


In  tbs  ISDN,  it  asjr  Airtbsr  be  attzaotive  to  ^ovida  a 
voioe/iMm-voioe  sarvios  idMie  e.g.  AS  or  56  bbit/s  are  tasd  for  oian  ti 
encoding  and  e.g.  to  8  bblt/s  for  data  cr  othv  purpiieis 


Reference 

C  \  3  Hosokawa,  S. ;  Tamashlta,  K.:  Companded  delta  modulation  coders 
of  the  1/2  power  and  2/3  power  types.  Rlectronies  and  Comu- 
nications  in  Japan,  Vol.5l-A  (1966),  No. 11,  pp.  18-26. 
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■K  natior.ai  as-a  interaaiicnai  nef-oras 


Eurure; 


b)  tha^  speech  inbsrpolacion  sys^e^s  say  adversely  affect  the  operation  of 

other  eeui^snl  stub  as  echo  cansellors,  autc-isatic  equaliser; 

decides  that  the  following  should  be  studied  ; 

1.  vhat  should  be  the  characteristics  of  digital  speech  interpolation  {'OSl) 
systess  ; 

2.  are  sKcial  precautions  necessary  for  the  coabined  usage  of  digital  speech 
iaterpolstion  devices  with  other  digital  processors  such  as  echo  coatrolloing  devices  ‘ 

Hose  :  Ketwork  iimlieations  of  digital  speech  interjwlation  syste!^  are  to  be  studied 
under  Question  1/CTIII  and  the  perfors»r.ce  of  connections  over  digibai  speech 
interpolation  systems  under  Qi^stion 


QUESnOH  9/r/llI  -  General  network  performance  aspects  of  integrated  digital 
networks 

(continuation  of  part  of  Question  1/XVIIl,  studied  in  loT7“1980) 

This  Question  is  ccncemcd  with  studies  related  to  the  general  perfonsance 
of  an  ISO!;  capable  of  satisfying  the  requireaeats  of  aany  different  services. 

Account  will  be  taker,  vi  the  perforsance  requireaents  being  established  by 
other  study  groups  in  CCIT?  and  CCIB  fer  tele^ony  and  other  services.  Study  Group  3CVH1 
will  keep  these  Stsaiv  Croups  XI,  VII,  T'  and  C!??  informed  of  the  likely  perforrance  o 
cascon  digital  buildir.g  blocks. 


ivinc  this  Question  reference  shouic  be  saae 


,ica  which  relates  to  transaission  perfomance  objectives 


Point  A.  Transajssi-an  oerfortanee  of  digital  networks 
Considering 

a)  that  sea:*  paraseters  for  the  transmission  perforaance  for  the  ISH  for 

telephony  have  already  been  established, 

b/  that  further  types  of  inpaiments  need  to  be  taken  into  account, 

c)  that  certain  isjwiirner.t  causes  are  interdependent, 

d!  that  design  objectives  are  urgently  required  for  circuits  ana  systems, 

'■“nat  are  the  network  transmission  performance  and  equi|m;er.t  design  objectives 
necessary  for  the  IDS,  t.he  ISDS  and  the  appropriate  evol-aticr.  towards  the  ISSS  : 
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Ttm  points  -listed  below  require  particular  attention  in  the  studies,  whereby 
account  shoiad  be  taken  of  all  likely  aedia  that  ai^.t  be  utilized.  These  include 
radio  relay,  satellite,  setallic  and  optical  fibre  cables.  Close  collaboratio.T  will 
be  required  with  other  CCITT  and  CCIH  study  groups. 

1.  What  aaendaents  or  additions  are  necessary  to  the  network  perforaance 
objectives  for  errors  and  slips  as  recoscended  in  Rec(a::endations  C.821  and  G.822 
respectively  ?  {See  Annexes  1,  2  and  3  and  Question  3/XVlIl) 

2.  Which  additional  types  of  i^>airBents  ana  characteristics  should  be  studied, 
and  what  recosjaenwat ions  should  be  Bade  in  teros  of  network  transnission  perforsance 
objectives  (e.g.,  jitter,  wander,  short  interruptions  and  transaission  delay)  ? 

(See  Annex  *) 

Articular  attention  should  be  given  to  the  interdependence  of  certain 
performance  objectives- 

5,  Are  the  hypothetical  reference  connections  reco^ended  in  G.lOb  suitable  for 

the  stirfy  of  network  transmission  I'z.-foimance  objectives  1  What  amendments  or 
additiems  are  necessary  ? 

^ote  :  They  stejuld  be  brought  in  line  with  ReccH«endation  G-103. 

Recoraendatiai  X.92  for  data  networks  should  he  considered. 

fc.  Sou  s^nild  the  overall  network  transaissicn  performance  objectives  be 

apporticated  to  the  individual  co^nwent  parts  making  up  the  connecticnr  ? 

5.  What  approach  should  be  adopted  in  converting  transmission  performance 

objectives  for  individual  itees  into  equipment  design  objectives  and  ctnaaissioning 

objectives  ?  (See  Annexes  5,  6  and  T). 


6,  Are  tl»  hypothetical  reference  digital  paths  defined  in  G.721  a  suitable  tool 

for  defining  the  transmissi®!  performance  of  network  component  parts  and  the  systess 
desi^  objectives  7  What  amendments  are  required  7  What  additional  HHDPs  should 
be  lecor^ended  7 


at  is  the  i^met  of  digital  signal  processing  devices  (e.g.  digital  }mds, 
tiers-  encoding  law  converters,  digital  speech  interrelation  devices. 


T-  ■'hat 

echo  scnitrol*....^-  - - -  — 

on  aetwjrk  transsission  perforsance,  and  what  is  their  det>«dence  on  netuo« 
transmission  performance  and  traffic  conditions  ?  '■'hat  guidelines  s-oula  be 
established  for  their  use  7  (See  Annex  8) 


etc. 


Is  c®ssiderins  the  introduction  of  digital  pads  and  other  i-igital  process^, 
partiealar  referenee  should  be  tade  to  Recosar.dation  «;.i21  as  amended  at  Geneva  lybO 
^  See^^ndation  C.lbH  as  amended  at  Geneva  1980. 


Hotel 


wo- e  i  .  Study  Grouts  XVI  are  studying  the  network  planning  rules  concerning  tne  ^  ^ 
t^SSssion  perfoiiance  effects  of  seme  of  the  above-mentioned  devices,  which  --Ul 
used  ia  mixed  analogue/digital  networks.  Account  should  be  ta.ve5.  of  these  studies - 


Hote  a  :  OOTpii 


eaeat  Ho.  21  (Canada  :  5HR)  gives  values  for  qua-ntiting 


dist 


for  varicMS  digital  processing  devices. 


H.  Wlsat  transiission  performance  imrMeters  should  be  defined  to  ensure 

^rppriate  evolution  towards  the  ISDH  and  what  values  should  be  recocm^nded  for 
each  parameter  7 


ConsiderinR 

a)  that  equipeent  can  be  designed  to  measurable  performance  standards, 

b)  that  networks  can  be  inqilemented  tc  controllable  perforsance  standards, 

c)  that  there  is  an  optinum  balance  between  cost,  tecbnolo^,  and  the  needs  and 
expectations  of  customers, 

d)  that  soaK  i«raaeters  for  the  quality  of  service  for  the  IDH  for  telephony 
have  already  been  established, 

1.  What  are  the  call  processing  perfoiBanee  and  design  objectives  for  the  IDli, 
the  ISDN,  and  the  appropriate  evolution  towards  the  ISDN  ? 

In  particular,  perfcrmance  paraaeters  and  their  values  should  be  defined  on 
an  overall  basis  (customer  to  customer)  and  values  apportioned  as  appropriate  to  nodes 
and  links  in  the  network,  such  as  call  set-vq>  delays ,  call  failures  caused  by 
congestion,  call  failures  caused  by  equipment  malfunction  and  loss  of  service 
(availability). 

2.  What  methods  should  be  used  tc  measure  the  call  processing  performance  ? 

3.  Which  hypothetical  reference  models  should  be  used  for  call  processing 
performance  determination  ? 

Hote  ;  The  study  of  this  Question  will  take  account  of  consideration  by  CCIR 
Study  Group  h  (see  Contribution  COM  XVlll-Ho.  6). 


Annex  1 

(to  Question  9/XVIII) 

&wiaiderati<n>a  on  the  relationship  between  moai  bit 
error  ratio,  averaging  periods,  perceatagc  of  time 
and  percent  error  free  aectmds 

(Cmtribution  by  Bell>Nortbem  Reaeareb) 

TTrrrmmrnilaTinn  G.821  specifies  an  averaging  period  of  to  *  1  minute  to 
determine  mean  bit  error  ratio  (BER).  Simultaneously,  error  performance  is  also 
specified  in  term  of  %  error  ftee  seconds  (EPS).  Both  performance  objectives  are 
given  for  a  digital  ccmnectim  at  6U  kbit/s. 

This  Annex  offers  additional  considerations  regarding  the  relationship 
betwera  Mean  Ber's  with  variouSgaveraging  periods,  percentage  of  time  that  the 
Mean  Ber  is  better  than  1  x  10*^  and  %  EPS.  Ibe  calculations  are  made  on  the  basis 
of  an  assumed  Bisson  distrilnttion  i  "  bit  errors  on  a  6b  kbic/s  digital  connection. 


CCM  KVi; 


The  relationship  between  the  long  tern  Hean  BER  and  X  EFS  can 
be  shown  to  be 

X  EFS  -  lOOe"®^ 

where 

e  ■  base  of  natural  logarlthn 

B  •  Bit  rate  In  bIts/s 

E  •  Long  Tern  Mean  Error  Probability  (n  x  10“*),  equivalent 
to  a  long  tera  Mean  BER  of  n  x  lO*:* 

This  ivlatlonship  Is  shown  In  Figure  1.  Long  term  Mean  Error  Probability 
In  this  context  laplles  Bit  Errors  averaged  over  a  sufficiently  long  period 
to  yield  a  constant  BER. 

Becos^ndation  G.B21  specifies  in  Table  1  a  threshold  hetveer.  accer-tarle 
degraded  perferssance  of  a  Mean  Her  »  1  x  io  ”  averaged  over  To  ■  1  minute.  In  order 
meet  this  criterion  on  a  6U  kbit/s  digital  connection  3  or  less  errors  must  be 
counted.  For  raadosily  (Poisson)  distributed  errors  the  probability  ?  of  this 
occuring  is 


n  ■  3 


Hn  <  3) 


(Mjir 

n  * 


160  BE) 


where  n  •  niaber  of  errors. 

This  relationship  is  shown  as  curve  1  In  Figure  2. 
this  carve  the  following  can  be  deduced: 


If  for 

1  II 
4  X  11 


r  nmplt  93X  of  one  winuto  periods  has  to  woot  ttto 
Id*  UNA  BER.  a  long  teni  Mosn  BER  of  hotter  than 
1d^  would  bo  rsquirod. 


b)  A  long  tons  Moan  BER  of  1  «  10*  would  jrl^d  only  4CS  of 

tho  ont  Blnuto  periods  noting  tho  1  *r  Id*  Mean  lER  erltofioo. 

If  tho  eessurnent  period  To  Is  ejttcnnd  to  5  wlmites  at  64  kbit/s, 

19  or  insjtofistltiites  tfio  acceptsblo  error  aumt.  equlvalnt  to  a  Mean  BER 
of  1  *  Td*.  fha  probability  of  this  occurring  Is  shown  as  curv#  2  in  Fl^ire  2. 
Again,  If  93S  Of  fivt  i^to  periods  had  to  wsat  this  etitotion  a  long  ten 
Mean  KR  of  <  2.2  A  Id*  would  be  required. 

Siwllarly,  for  a  nisument  period  To  of  1h,  the  equivalent  values 


arc  230  or  loss  tmr  counts  and  i 
93S  of  1h  potion  noting  tho  1  x 
as  curvo  3  In  Figure  2. 


sument  period  To  of  1h,  the  equivalent  values 
nd  a  long  terw  Mwn  BER  of  <  9  x  10*.  to  givo 


MMn  BER  criterion.  This  is  shwn 


Cums  1,  2  and  3  of  Figure  Z  cat  be  used  to  relate  tho  poremta^ 
of  tin  Ti  and  various  averaging  periods  To  with  a  Mean  BER  of  1  x  Id*  to 
the  long  urn  Mean  BER.  By  using  Figure  1.  the  long  torn  Nun  BER  can  then 
be  tnnslaud  Into  %  EFS. 


o«o)i  (lir.trilniled) 
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Annex  2 

(to  Question  9/XVlll) 

An  approach  to  the  formulation  of  error  perfonaance 
(Contribution  by  the  Federal  Republic  of  Germany) 

The  error  performance  requirements  outlined  in  the  following  are  based  on  the 
i-iea  that  data  users  he.ve  a  legitimate  interest  to  transmit  a  large  percentage  of 
.i».ta  blocks  without  bit  errors.  However  with  61)000  bit/s  (or  1)8000  bit/s  -  the 
..'■ghest  data  rate  specified  in  Recommendation  X.l)  these  blocks  will  in  general  not 
have  a  duration  of  1  second.  In  other  words.,  the  request  to  have  95  S  error-free  data 
blocks  (EFB)  is  entirely  appropriage  whereas  the  request  to  have  95  %  error-free 
seconds  appeeurs  to  be  too  stringent. 

It  may  be  useful  to  consider  requirements  graded  in  accordance  with  the 
length  of  data  blocks  (or  more  generally,  of  intervals  of  certain  numbers  of  bits). 

About  five  interval  lengths,  for  instance  from  200  to  20000  bits,  might  be  suitable 
to  cover  the  actual  conditions  of  remote  data  processing. 

Assuming  Neyman's  "Type  A  contagious  distribution",  which  describes 
clustered  distributions,  symbols  n  =  number  of  bits  in  the  chosen  interval, 
p  ■  long-term  mean  error  ratio,  m^  ■  cluster  -  bit  ratio  (i.e.  relative  frequency 
of  error  events  per  stated  saii5>le  size  of  transmitted  bits),  and  m,  =  mean  number  of 
errors  per  cluster,  with  m^^mg  «  np,  one  obtains  the  probability  of  an  interval 
containing  no  errors  as 


and  specifically,  with  p 
ratio  of  <  lo'^,  i.e,  < 
value 

*  99,95  %  for  200-bit  intervals 
p^  »  95,76  %  for  20000-bit  intervals. 

Based  on  the  above  reasoning,  it  is  proposed  to  consider,  as  an  alternative 
to  the  concept  of  "error  free  seconds",  the  approach  of  a  graded  system  of  requirements 
baaed  on  a  set  of  different  block  (or  interval)  lengths.  Using  this  approach,  it 
should  be  possible  to  reconcile  the  requirements  of  data  transmission  with  a  mean 
bit  error  ratio  of  5.10  ^  (as  sufficient  for  telephony). 

FurthermoK,  the  actual  distribution  of  bit  errors  (probably  characterized 
by  error  bursts,  or  clusters)  should  be  studied  before  finalizing  Recommendation  G.821. 
Since  a  large  percentage  of  the  errors  will  be  allocated  to  the  subscriber  lines, 
results  of  error  measurements  on  such  lines  are  urgently  needed. 


p  »  exp  ^  (l-e““2)  7 
o  -  m_ 

»  5,10  6  (which  leads  to  >  90  J  of  minutes  with  a  bit  error 
36  errors  per  minute),  and  =  2,  i.e.  a  conservative 


(22) 
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Annex  3 

(to  Question  9/XVIll)  ^ 

At  the  instigation  of  Study  Gro»^  VII,  the  concept  of  error-free  seconds 
has  been  used  in  the  preparation  of  Recommendation  G.821.  It  was  pointed  out 
hy  one  Administration  that  future  studies  in  Study  Group  VII  may  show  that  this  is 
not  the  most  appropriate  method  of  defining  the  performance  requirements  for  data 
and  other  non-roice  services. 


Annex  U 

(to  Question  9/XVIII) 


Jitter  accumulation  on  digital  paths  and  .jitter  performance 
of  the  components  of  digital  paths 

(Contribution  from  Federal  Republic  of  Germany) 


Summary 

In  the  present  contribution  two  models  of  digital  paths  are  considered. 
Starting  from  the  Jitter  characteristics  of  the  components  of  a  digital 
path,  the  Jitter  accumulation  along  a  path  is  described  with  the  aid 
of  these  models. 

It  is  shown  that  for  unrestricted  interconnection  at  international 
interconnection  points  Jitter  characteristics  are  required  which 
are  not  necessary  in  national  networks. 

1.  Digital  path  models  for  .jitter  studies 

Studies  which  started  from  the  preliminary  considerations  of  the 
contribution  C(M  XVlIl-No.  69  resulted  in  two  models  of  digital  paths 
which  are  particularly  suitable  for  the  treatment  of  the  pending 
Jitter  problems  and  applicable  to  all  hierarchical  bit  rates. 

1.1.  Digital  path  model  a) 

One  of  the  path  models  -  model  a)  of  Pig.  1  -  is  a  tandem  connection  of 
line  path  and  muldex  sections  which  alternate  systematically. 


source  line  path  muldex 
I  I  sect.  I 


sink 


■•0-rC^ 


Model  a) 


source]  line  path  | 


sink 


n  I  '  ..I  ...  I  I 

— 1>-  — 1> — - ^ - 1> — f~ 


Model  b) 


Figure  1  -  Digital-path  models  for  jitter  stuc’ies 
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The  fact  that  the  coraponents  of  digital  paths  can  be  divided  into  two 
groups  with  basically  different  Jitter  behaviour  has  a  favourable 

contequence : 

*•  PCM  multiplexers,  digital  multiplexers,  digital  demultiplexers,  and 
digital  exchanges  tolerating  relatively  high  input  Jitter, but  causing 
low  output  Jitter; 

-  line  paths  (l.e.  line  paths  on  cables  or  other  media)  tolerating 
low  input  Jitter,  generating  inherent  Jitter  and,  therefore,  producing 
relatively  high  output  Jitter. 

Model  a)  is  sufficient  for  the  description  of  the  conditions  in  a  future 
digital  network  of  the  Deutsche  Bundespost.  The  same  is  also  expected  for 
nany  other  national  networks. 

1.2.  Digital  path  model  b) 

At  international  interconnection  points.  It  should  be  possible  to  inter¬ 
connect  without  restrictions  sections  of  the  same  hierarchical  bit  rate  via 
the  intemationjdly  specified  Interfaces.  This  means,  a  direct  interconnec¬ 
tion  of  line  paths  with  respect  to  Jitter  must  be  possible  as  worst  case. 
Therefore  model  b)  of  Fig.  1,  where  the  digital  path  is  exclusively  built 
of  line  paths,  represents  -  in  addition  to  model  a)  -  an  adequate  model 
for  international  interconnection  in  Jitter  studies. 

2.  Jitter  accumulation  on  a  digital  path 

With  given  output  Jitter  in  the  absence  of  input  Jitter  and  given  Jitter 
transfer  function,  the  shape  of  Jitter  along  a  digital  path  can  be  de¬ 
termined. 

The  lower  limit  of  the  maximum  tolerable  sinusoidal  input  Jitter  of  a 
path  must  be  situated  with  a  clearance  above  the  largest  expected  output 
Jitter  of  the  preceding  line  path. 

In  the  following,  the  Jitter  increase  along  the  path  is  represented  for 
the  path  models  as  per  1 .  The  response  has  been  determined  by  calculation 
and  by  measurements.  The  results  are  illustrated  in  general  form,  inde¬ 
pendent  of  the  bit  rate. 

2.1.  Model  a) 

In  Fig.  2,  the  output  jitter  of  a  muldex  section  and  of  a  line  path  from 
model  a)  is  represented  without  input  Jitter.  Fig.  3  represents  the 
associated  Jitter-transfer  functions. 


(22) 


line  path 


muldex 


frequency  — ►  frequency 

Figure  3  -  Jitter-transfer  function  of  a  line  path  and  a  muldex  section 

Figure  U  shows  the  amplitude  of  phase  jitter  along  a  path  in  accordance 
with  model  a) 
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Source:  Pseudo-random  pattern 

Output  jitter:  Measured  via  high-pass  filter  with  variable  cut-off 
frequency  f 

Input  jitter  according  to  Rec.  C.  703 
(shown  for  comparison) 

Output  jitter  of  the  source 

Output  Jitter  of  the  first  line  path,  corresponding  to 
the  output  jitter  of  a  line  path  without  input  jitter 

Reduction  of  the  input  jitter  due  to  the  first  muldex 
section 

Output  jitter  of  the  second  line  path.  (Due  to  jitter 
accumulation  below  cut  off  frequency  fci  the  values  are 
slightly  higher  than  the  ones  obtained  for  line  path 
without  input  jitter 

Reduction  of  input  jitter  due  to  the  second  muldex 
section 

Output  jitter  of  the  third  line  path 

In  the  case  of  paths  with  more  sections  than  in  model  a),  the  jitter 
values  would  increase,  although  slightly. 

2,2.  Model^b) 

In  model  b)  three  line  paths  are  connected  in  tandem.  Pig.  5  shows  that, 
for  the  same  line  path  as  in  model  a),  the  output  jitter  amplitude  will 
rise  as  in  Fig.  A.  It  can  be  seen  that  the  output  jitter  amplitude  of 
the  last  line  path  in  transmitting  direction  increases  permanently  with 
the  number  df  line  paths  ahead. 


© 


»U£*  © 


Q 

! 


Q  0  siA* 
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Input  jitter  according  to  Rec.  G.703  (shovm  for  ccunparison) 

Output  jitter  of  the  source 

Output  jitter  of  the  first  line  path  (identical  @  in  Fig.  4) 

Output  jitter  of  the  second  line  path 

Output  jitter  of  the  third  line  path 

In  order  to  control  jitter  .accumulation  over  the  entire  path  according 
to  model  b),  jitter  reducing  means  are  necessary  within  the  second  and 
within  all  following  sections  of  the  path.  The  reducing  means  can  be 
considered  a  replacement  for  the  jitter  reducing  effect  of  the  de¬ 
multiplexer  in  model  a).  Consequently,  tho  jitter-transfer  function 
(Pig.  6)  describes  the  muldex  -  line  path.  -  cascade.  It  is  the  product 
of  the  jitter  transfer  fiinction  of  the  components  muldex  and  line  path 
(Fig.  3)  from  model  a). 


B 

© 

© 

© 

© 


Figure  6  -  Jitter  transfer  function  of  a  line  path  in  model  b) 


Additional  means  for  jitter  reduction  are  not  necessary  if  the  output 
jitter  of  a  line  path  without  input  jitter  is  already  substantially  below 
the  maximum  tolerable  value. 

The  necessity  of  specifying  the  jitter  transfer  function  of  a  line  path 
is  the  consequence  of  unrestricted  interconnection  at  international 
Interconnection  points. 

Fig.  7  shows  the  shape  of  the  jitter  amplitude  along  a  path  according 
to  model  b). 


Jitteromplitudp 
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0  0  Q 


sowcf  ©  @  ©  ©  sink 


Figure  7  -  Output  jitter  in  model  b) 


Source ; 

Output  jitter; 


0 

0 


Pseudo-random  pattern 

Measured  via  high  pass  filter  with  variable  cut-off 
frequency  f 

Input  jitter  according  to  Rec.  G.703  (shown  for 
comparison) 

Output  jitter  of  the  source 


(D 

(D 


Output  jitter  of  the  first  line  path  (identical  (2)  in 
Fig.  4) 

Output  jitter  of  the  second  line  path 


© 


Output  jitter  of  the  third  line  path. 


In  paths  with  more  than  three  line  paths,  the  jitter  amplitude  increases 
at  the  end  of  the  path  but  slightly  because  of  the  jitter-reducing  effect 
of  the  maximum  tolerable  jitter  transfer  function  of  the  line  path. 


3*.  Jitter  specifications 

It  has  been  shown  in  chapter  2  that  the  components  of  a  digital  path  are 
completely  characterized  by 

—  tolerable  sinusoidal  input  jitter 

(more  exactly;  lower  limit  of  maximum  tolerable  input  jitter) 


. PM . I . .  . !RP|| 
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-  maximum  output  Jitter  in  the  absence  of  input  Jitter,  measured  as  peak- 
to-peak  value  with  a  high-pass  filter 

-  Jitter  transfer  function,  measured  as  Jitter  gain  with  sinusoidal  input 
Jitter. 

■'n  Fig.  2  to  7  the  boundaries  for  Jitter  behaviour  (dash  dotted  lines) 
a. e  drawn  in  accordance  with  calculations  and  measurements  of  tolerable 
Jitter  responses. 


Annex 

(to  Question  ’ 


State  of  CCITT  studiea  regarding  equipment  design  objeetiveB.  in  respect  to 
error  performaaee.  for  digital  transmiaaion  systene  on  cables 


Introduction 


ItralBMkt  dMlB  objaotlvM  for  Aifital  traaBiasioB  979im»  (m  edblaa  (balanoai 
9alr,  ootflal  yair  «iA  optleal  flbra)  are  apaoiflad  la  lao  0.911*^1d  aad  a,92l-922| 
alfliMialda  aakvark  parfoiMiM  ebjaotlYM  for  digital  liao  ■ootloao  at  tba 
aorrMfoadlM  bit  rataa* 


OOXR  stodioa  bava  aet  jot  advaaood  to  tbo  stac*  that  tba  olaaaoa  of  tboaa 
raoBaaadaklOBa  tdiiak  ara  to  rolato  to  arror  parfnwiaaei  tm  ba  ooaplatad. 


fha  fwjoaa  of  tbia  aaaax  la  to  proaaat  tba  oorraat  atataa  of  tboaa  atudiaa  ao  aa 
to  iravlda  daol«aara  of  aabla  dijital  traaBlaaioai  vmim»  «ltb  iatarla  faldaMo 
fillTii  tba  aaa^atloai  la  raajaat  of  arror  jorfonuBaat  af  tba  aBtlOMA 


Felationshir  to  r.etvory,  nerforr.ance  ob.^eetives 


fbo  aataozb  arror  parfoxaaaoa  objaotivat  for  tOe  integrated  aarvloaB  digital 
aataoib  (OV)  ara  atatod  la  lao.  a. 6^1  (frror  parforaaBaa  of  m  Intaraationa} 
digital  eeaaaotloe  focaliV  ■»  latagratad  aarrlaaa  digital  aataork).  Tboaa 

objaatlrao  t^a  aeooaat  of  all  arrorot  boHonrar  eauod,  llabla  to  oooar  la  a  digital 
aataort.  SptljBaBt  daai^  objaetivaa  for  digital  traoBllflfa  bava  to  ba 
aspatlbla  «itb  tba  aataarfc  obiaotlToa  of  lao.  G.821 

lost  orrors  in  a  digital  natwork  are  attrlbatabla  to  iatarforlag  inflaoooaa  snob  aa 
llgbtaiag  atrikoa,  iaduotloe  froa  alaotrleltj  aupplj-  or  traatloa  ayataaa  or  parallal 
trBBissioa  g;ratoBs,  diBturbanoaa,  ato.  Igaipaaort  dasign  obiaotivaa 

for  digital  traaBlaaloe  gr*tBO  abould  aasura  a  dagraa  of  provision  in  tba  sjstB 
daslgB  to  aininiss  tba  affoots  of  snob  intarforanoas.  This  is  a  subjaot  of  stndj 
within  now  Q*  ^2/Xt,  Until  snob  tins  aa  tba  laportant  srror-oaaaiag  intarfsring 
factors  OB  ba  takon  into  aoooont  in  tba  daflnitlon  of  tba  anvlrowantal  ooaditiona 


ill _ 
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Torming  part  of  tba  aqaipaaiit  design  objectives  «ystai  dsoignars  nsod  to  allow 
gsnarous  sargias  ia  raapaot  of  ttaaa.  This  is  dsna  within  both  of  the  design 
mproatdiaa  dasoribad  hwaafter. 


lowsvar,  it  should  be  obsarvad  that  radio  ral«jr  STateu  and  aatallita  afsteaa  will 
be  anbjaot  to  diffwont  error  diaraotariatios  than  those  inonrrad  bgr  estallio  oabla 
^ratMs. 

3  Available  equipment  design  objective  approaches 


Two  dlstlaot  wpi^eobae  to  the  arror  parfcimanoa  aapeota  of  digital  tranaiasion 
ejrstaa  daaiga  have  baaa  id«itifiadt<- 

-  fha  arror  parfomanoa  of  a  Mfpothatioal  rafwawa  digital  path  of 
dafiaad  lagth  and  ooBstitotion  la  spaoifisdi  this  aarvaa  as  a  guide 
to  the  dastga  of  all  aqai^awt  it«M  iaralval  ia  tha  hippothatioal 
rafaraiios  digital  path*  This  approaoh  ia  »alofoua  with  that  adopted  for 
spaoityiag  tha  noise  porfoxMBoa  of  saalogaa  traasadlsaiaB  gpstaaa. 


Tha  gnali'^  of  rspeatara  ttaad  in  a  traniiaaica  ajrati 
aaasta>ad  ia  taSM  of  "repeater  aarglB"* 


is  speoifisd  aad 


loth  appro aohaa  iafolva  tha  dafiaitioa  of  earlroaaital  ooBdltiona.  la  either  oaae 
it  is  iapraatioahlsi  for  the  presaatt  to  iaolade  the  aarireaBwatal  factors 
ooBSidarad  ia  2  above. 


dlthoagh  based  ob  diffaroBt  pbilosophias  it  is  not  to  ha  asaoaod  that  either 
approaoh  aaoesaarily  asoladoa  the  other.  Tha  ftaad.  oateeaa  of  OCHT  stadias  aap 
wall  be  olaBses  ob  error  perfozBaaoe  aqiaipaaBt  design  objaotivaa  ia  which  the 
two  approaohas  oaapleaaBt  eaoh  other. 

The  two  approaohas  are  ooasidersd  separatsljr  aad  ia  dotail  ia  Sootions  4  and  5 
raspeetivalp. 

4  Definition  of  error  perforr.ar.ee  ecuipnent  t^esipr.  ob.~ecrive , 

specified  in  relation  to  a  hypothetical  reference  ii pital  rath 

4.1  leo.  g.821  asprasaes  tha  overall  objeotlve  for  the  arror  perfomanoe  of  the 
digital  Botworki  ia  a  25000  ks  hgrpothatioal  rrntmmf  digital  path  of  64  fcblt/s 

ia  taasa  of  tha  paraaatagas  oft 


•  «ror  tr— 


(datta  raqairaaaBt) 


••  aiaatea  havtag  a  bit  error  ratio  batter  thaa  a 
threshold  valaa  (the  talephoqr  raqairaaoBt). 

Clearlgt  eqaipaeat  design  objaotives  for  digital  lias  ajrwteao  have  to  be 
ooBsistaBt  with  thaaa  overall  aetwork  objeotivas}  two  iaportaet  adaptations 
wa  ooBsidarad  aaoessacy. 


Mrstlpt  the  aqnlpBaBt  design  objective  for  digital  line  apstaBS  ia  best 
azpressad  as  a  "long  teta  aean  bit  error  ratio",  dpst*  designers  invarlablj 
start  with  aa  objeotlve  for  thia,  Tbsf  than  design  raganarators  eto  takiigt 
aeooant  of  the  kaowa  iapaiiacnta  such  as  the  diainishiag  of  ev#  op«iii^, 
aoiaa,  arosatalkf  level  Isaoouraoies  eto. 


3«ooniily,  thare  nii«U  to  be  *  airgin  for  the  error*  dne  to  unknoira  h»vdm 
outaid*  the  control  of  the  deaigner,  •§  unquantifiabl*  int*rf«-eno#*  trxm 
external  eouroee,  eo  that  the  overall  reeult  la  aooeptable. 

4.2  Annex  6  to  S.  f/V'  ZZZ  (.Vtrifr?"  versior  c:  I.,  ror.vrir.’.*.  -  . 

lo  369)  euggeata  that  network  objective*  expreaaed  aa  In  .-tc-rr-en-c.-::-" 
with  aoeeptable  aoaoracj,  be  alternatively  expraeaad  in  vailoua  owbinationa 
ofi— 

-  a  lone  tera  aean  bit  error  ratio 

-  a  olaaterlnc  indas  (ie  aean  error*  per  oluatar). 

It  **«  not  poaaible,  aa  yet,  to  aake  a  firm  jndffMeat  aa  to  the  da^ee  of 
olnatarinff  whioh  will  be  exhibited  br  digital  network*.  At  the  a«*  tlae, 
aavaral  oontributiona  have  indloated  that  it  ia  aafa  to  aaaia*,  for 
natworiD*  baaed  on  oabla  eyatMa,  at  leaat  a  aodeat  level  of  eluataring. 

For  a  loi«  teia  aen  error  ratio  of  5.1(ro  the  peroeetage  of  error  free 
aeooada  can  bo  expooted  to  exceed  9(1^  for  value*  of  oluatarlag  indax 
greater  than  3  and  the  paroentage  of  ainutee  of  error  ratio  better  than 
lQr3e  to  exceed  901  for  valuoe  of  oluatering  iadaz  lea*  than  10. 

A  loeg  tei*  aean  error  ratio  of  5*10*^  would  aaaa  to  be  a  raae unable 
aaaoiption  for  the  ^£*1^  error*,  over  25000  ka,  to  whioh  egaliBant 
deeign  objeotivea  night  bo  related,  fhle  value  i*  not  aaooaaarily 
appropriatt*  for  digital  thooo  utUg  oahlo. 

4.3  A  good  proportion  of  the  erroro  in  a  25000  loi  64  bit/a  oonootion 
will  ho  the  reeult*  of  axt«val  interfering  faotora,  proteotion  againat 
whioh  ia  boot  provided  hf  waoh  aeaaureo  aa  eereealng  of  the  oabla  aaid 
repeaters,  high  low-frobuaoay  out  off  in  the  ropeetar  aiplifier,  eto. 

It  ia  a  astt«>  for  fhtur*  study  to  establish,  within  tha  soope  of  tha 
equipnant  design  oblootivee,  appropriate  standards  for  wah  aspoots  of 
digital  tnnaissiai  gystm  deaign. 

P*Mi«  th*  ontoane  of  saoh  studioa,  it  is  saggostad  to  allow  fc*  ostomal 
iatarfvaooeo  by  aoans  of  a  generous  aargin  botweaa  the  deaign  objeotive 
opeoifiod  for  the  error  parfonanee  of  a  bypothatloal  referenoe  digital 
path,  ftaetianlag  ia  an  lat*rf*r*no*-<r**  nRipsanant,  and  th*  proportioaal 
allooodioa  to  that  path  of  the  aatwort  perfomwa*  objeetiva  for  th* 

25000  la  hypothatioal  refaraio*  ooaaaotion.  As  a  provisional  solatioa, 
sabjeot  to  rovisioa  ia  th*  light  of  further  resulta  of  error  aeasarmMit 
progssnnes  8O0t  of  th*  total  aooeptable  error*  night  b*  appropriated  for 
saoh  nergin. 

This  loads  to  a  long  tom  aean  blt^rror  ratio  of  1«10^  as  aa  appropriate 
objoetive  for  a  25000  bn  hypothatioal  referenoe  oonasotimi  oonposod,  la  all 
its  links,  of  digital  line  aystms  on  oabl*  and  operating  f^s*  of  estvnal 
intarferonoes. 


Th*  folloirt.ag  table  shows  how  this  bit  error  ratio  al^  b*  allooatad  to  th* 
aaia  saMivioians  of  th*  total  hypothotioal  rsfarans*  eoanootlaa. 


•  n*  ralue  preamtly  proposed  in  Rec.  c.621  1*  1*  icr<. 


maximal  lencth  hvrsothetical  reference  connectirai 


«untit7 


ooaxial  (hAI*  (land 


optloal.  flva 


.  ki^  rat* 

-  priaaiy  Matr*  to 


2^000  ka 

25 

1500  ka  't 

(750  ka  aaok  / 

-> 

1 

I 

4^ 

lot  apaaifiad 

Total  66 

Ifltataatioaal 

MttiOMl 

ml  3«lttpl«xiiW  otoli 


■oBiaalljr  Mre 


Total  $1 


Tka  obJaotlTo  arror  parfoiuioa  for  thoso  bgrpotbatioal  rafarwoo 
digital  patka  of  Bao.  0*721  appropriata  for  digital  liaa  aft— 
proTldlac  iatafttatiOBal  kd^  rata  Uaa  Uaka  ai^  tkoi  ka  tartaad 
aa  ftollami* 


SiBital  liaa  ajat 


Bppotkatloal 
rofiroBoa  digital 
patk 


0.916  n 

0*918  U 


Capaeitr 

(Xkit/iO 


34  368 
139  864 


tmo 

0.  721 


Laagtk 

(J-) 


attar  ratio 
daalipE  okJootiTa 
(•■a  aUoaaaaa 


for  aaltiplazara) 


Coax*  pair 
Coax*  pair 


3 

2500 

2.5  «  10^ 

4 

2500 

2*5  .  KT® 

ObjeotiTM  for  ^stois  providing  national  links  ^  dulvM  siallarlj,  taking 
into  aoooimt  the  global  allocation  and  the  constitution  of  tbs  rslsvait  HgnP. 


iniw  *  on  oi  9rror  onr.snc^ 


5»1  General  observations 


Zn  order  to  apaciiy  and  avaloata  repaatera,  mltiplazaaf  and  aotual  or 
ooBbinationa  of  these  (as,  for  asaple,  in  a  Itfpotlwtiosl 
rsfarenoe  clroiiit)  It  is  noceaaaty  to  adopt  aeasiiras  of  p«fananoa>  ^or 
analog  eqalpnant,  noiaa  paver  has  ba«i  the  prlaoipal  neasiire  anploiyed. 

Li  the  digital  reala,  there  has  ben  a  tendency  to  nee  error  ratio  for  this  poxpoae 

Error  ratio^is  far  froa  an  exact  analog  to  noise  power,  however.  For  exaurole 

note  that  an  analog  repaatar  or  aulti^ax  -^rploally  injaote  a  fairly  oonat'ait 
noiaa  powar,  vhioh  is  oloaa  to  tha  dasign  valaa*  A  digital  rapaatar  or 
■ultiplaae,  hoverar,  typioelly  operatee  at  aero  aner  ratio,  and  ahsn  it  aakaa  an 
arror  thaea  ara  uaually  at  a  ■ttoh  highar  rata  than  whatever  design  rate  nay 
have  beet  epeolfled,  and  ara  indead  often  a  rannlt  of  dletarbenoee  not 
related  to  the  beeio  eyata  paraatcra.  As  a  oonaeqaaoa,  arror  ratio  baa 
aaaal  drabaokn  tm  a  naasare.  Saa  of  thasa  aroi-> 

«>  Systa  ccnpoaants  alnost  Mvar  operata  naar  thair  daign  error  ratios* 

-  Brrorratio  of  a  aultipla  la  a  alnoat  naaaiaglaaa  oonoapt.  Koept 
in  ossa  of  failura,  amltiplaa  should  oparate  arror  fra* 

-  Xrrorratio  is  a  very  poor  aaaanra  of  repaata  parfoxnaa.  Ohaarvad 
aiTors  in  a  iroparly  daignad  and  oparsted  repaata  are  aost  likely 
a  result  of  eleotronegnetio  or  other  dieturhanaa  arelated  to  tha 
rspaata* 

•  the  allooation  of  errorratlos  to  the  several  aanaiiia  of  a  oaplete 
ooaeotion  bars  little  relatia  to  eituatloa  ohaarvad  in  prantla* 
lyploally  at  any  time  «ha  the  errorrstio  of  a  real  oonneotioa  ia 
aignifioatt,  the  errorratlos  on  ell  segaenta  asapt  oa  are  negliglbls* 


It  is  iaterasting  to  note  that  noiaa  paar  u  a  i 
analog  gyatina  ahara  nans  of  tbosa  drenhacks* 


of  perfocaana  la 


As  a  oonsaquaa  of  thaa  ooaid««tloa  g.821  npn.  as  tha  objective  for  a 
hypothatioal  digital  eoBaotion  la  tana  not  of  arror  rata,  tot  ia  of 
interval  (oa  aaeoai  and  oa  aiata)  vhioli  have  «rere  in  aneea  of  a  stated 


5*2  Fenea'er  r.amn 

In  aalog  ^yatena,  the  sane  neaeura,  noise  power,  uaad  la  eveluati^ 
oonaeotione  is  also  a  good  aeaeore  of  repeater  quality  and  ia  often  used  as  an 
objeotive*  La  digital  qyetene  neither  error  ratio,aor  either  of  the  aeasures 
or  q.621  bear  auto  relation  to  repeater  quality*  The  neeaure  auggaeted  for  this 
purpoee  is  aargin  (axpraaead  in  dB)  against  a  10^7  error  probability,  Tha 
nezgin  that  incraaes  in  the  deninant  intarfarenoa  (auto  as  thamel  noise  er 
ercaatalk)  freo  its  noalnal  or  actual  value  which  pro&toM  a  1C*7  error 
probability*  This  of  course  requires  oarefhl  dafinition  scae  coEtrlbutians 
have  addressed  this  issus.  Bagardless  of  exact  deflnitica,  however,  ti»  crucial 
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polat  is  that  tha  rapaatar  ia  apadfiad  and  aaaaorad  aadar  oonditioaa  aKoladlnc 
amp  tBoontrollad  iatarfaranca  (anch  aa  ll^ttnlag)  ao  that  rapaatar  azror 
atatlatioa  ara  ia  fast  vail  rapraaaatad  hgr  Poiasoa  aarivala  and  ao  mrxoT  prol^ 
ability  ia  eoaplata  dasoriptioa  of  tha  aaror  parfoiaaaoa*.  Thia  ia  ia  sharp 
ooatrast  vith  a  tjrpioal  rapaatar  iastallad  in  tha  fiald* 


fha  ohoioa  of  10**^  la  not  aacial  >  hat  is  frohably  qaita  raasonabla  for 
hl^iar  spaad  hystaaa.  KT”  ai^ht  ha  aora  iqipropriata  for  repaatera  ia  tha 
1*3-2  Mhit/a  raacst  so  that  aaaaoraiait  iatarrals  of  tha  ordar  of  a  fav 
soooads  oaa  ha  asad. 

To  illnstrata  tha  utility  of  thia  aeasnra,  oouidar  a  100  llbit/a  ooax  rapaatar 
with  BVffia  of  3  dB  acaiaat  10*7  arror  piohahili'ty* 

OiTaa  a. rapaatar  ia  tha  lab  or  ia  tha  fiald*  thara  is  ao  dlffioolty  la 
aaaaariac  its  pvfanuaoa  (l|y  addiac  aoisa  tor  ampls)  aa  tha  oddad  aoisa 
oaa  raadily  ha  adjustad  until  10*7  (at  100  Mbit/a  s  10  arron/aaeood  }  ia 
obtaiaad*  (lotudly  tha  aaaanr»»t  cf  atror  grahahdli'ty  is  not  lantiMl, 
aa  an  ordw  of  aagiiitada  variation  eoiraspands  to  <a]y  about  0*3  dB  of 
aorsui)*  B>a  mmgln  a^iaat  10*7  arror  probability  is  also  a  raaaaaablo 
orituloB  for  a  daalpiafr  to  ocaaidar*  and  a  aoBraadart  qaaatity  to  uaa  ia 
prodaotioa  taatiac* 

Xt  Bl^  ba  thoa^  that  tba  rapaatar  oould  ba  apaolflad  by  its  aspariaaoa^ 
atror  probability  (with  ao  additional  aoisa)  «  bat  thia  would  ba  about  10*^°* 
so  low  as  to  ba  oosplataly  nnitaaiirabla* 

ia  a  tattativu  daai«»  objaotlvu*  a  ropaatar  aarsla  of  tba  otdtar  of  3  dB 
acaiaat  1*10*7  to  10  dB  agaiast  1*10r«  ai|^  iaiaod  ba  raaraiabla  for 
rapaataro  abova  3  mt/s*  Xu  tba  1-3  Mbit/s  n^a*  tbia  oould  ba  ^aiBst 
10^  arror  probability. 

Tbasa  valuaa  ara  probably  aot  grossly  unraaanaabl  a  but  tboy  ara  not  diraotly 
obtaiaad  from  tba  aatvozfc  psrfoaMBOa  objaetiTss*  Tha  rulstiawhip  should 
ba  tha  subjaot  of  Ihrthar  s^4y* 

Ccasnissioninf,  objectives 

6*1  Chechs  of  systg;  error  rerforaanct. 


Both  tha  appro anhaa  abowa  ralato  to  pmfarmmam  ia  an  iatarfaranoo^rao 
sviroaaoat.  It  follows  that  idun  tha  parfOnHBoa  at  m  iastallod  upstoa 
is  aaaMrad  with  a  wiaw  xo  nhanking  whatlwr  a  objaotiva  is  aot 

fraoButioas  ara  aaoMSaiy  to  idoatiiy  arrurs  idmbutaibla  to  tha  oadronaat* 

This  ia  aaoaasarlly  Ion  than  m  oaet  procadara*  mt  priaaiy  raliaaoa  Thrmlrt 
ba  plooad  oa  vunfloatiOB  that  tha  oapoeoBts  aaot  tbsir  dasiga  objaetlwao. 

Poriods  daring  whioh  airara  ooour  siMltauaasly  itttb  obsorvad  potortial 
istorfaraaeas  ahoald  olaarly  ba  diaaoaatad* 

CoBBidoratioB  of  tbs  diatributicm  of  uoaauriid  oerora  nay  justify  tha  disoouatii^ 
of  iaolotad  bursts*  mrm  it  has  aot  ba^poaBibla  poaitivaly  to  idwtiQr 


BqttilMBt  d«>i^  objaotivac  arm  applicable  only  to  ^atcBa  in  good  wori&ng  crdar. 

It  follom  that  arrcsra  oiaad  ty  faulta  bave  to  ba  disoonctad;  boaevar,  tba  overall 
iaoldanoa  of  intamptioua  due  to  faults  la  iroparljr  sabjact  to  rsoaMuadatlona 
aoBomiad  vitb  aqaipuairt  reliability* 

Soua  errors  uv  result  froa  ooiponcaits  failing  intemittaitly  or  undergoing 
(diaagee  with  respaet  to  tbetr  operating  oharaoterietios.  Snob  eight 
Justifiabljr  be  attributed  to  atpUpuant  daalgn  ratbar  than  reliability  failure. 

A  aatiafaotozy  teat  en  ur— iaaioning  objectivaa  for  arrcr  perfonance  takiig 
all  tbaee  aapeota  into  aoooBat,  oan  be  drafted  only  after  fbrthar  study  wd 

osparia»3e* 

Annex  6 

(to  Question  9/XVIIl) 

Error  perforeance  objectives  for  integrated  services  digital  networks  (ISHI) 
.(Contribution  by  the  International  Telei^cae  and  Telegraph  Corporation) 


1.  introdoetAon 

9m  digital  qoaasetiaiM  Mt  up  Isy  m  latdfmtad  MmoM 
digital  aatvosk,  aosaaUy  of  (4  bbit/a,  an  oBUsagad  to  ba 
oaad  for  diffacaat  paxpoaas*  apoacbf  date,  facailla,  ate. 

9Maa  osa^  diffat  ia  tbair  aaaaitisitiaa  to  aczoxs  latzodoood 
into  cionnactlona  by  tba  aataoxli,  botii  aa  zagazda  tba  Boabaza  of 
azzocs  Md  dtaiz  diatzibutioa.  for  tbia  zaeaoa  tiM  azzer 
pazfot— »oa  zaqaizaaaata  of  tba  ISOM  aza  bailor  fozBolattd  ia 
tazaa  of  aaae  arzoz  zatloa  and  intagzating  pazleda  irtiicb  aza 
particular  to  each  iMaga.  for  data  tba  objactiva  ia  uspreeeed 
in  arzor^fzaa  aaoondsf  for  tal^dumy  by  aaens  of  ninutaa  haelsg 
battar  tbaa  a  thraahold  arzoz  ratio.  Otbar  aneiaagad  XSon 
aaagaa,  facainlla,  pietuza  pbma.  ate.  mmr  zaquiza  tba  fomnla* 
bioa  of  zagni  rsnenta  aiyzassad  in  yat  otbar  tMya. 

tba  44  kbit/a  ooaaaetioas  of  tte  ISOM  aboald*  of  eonzea*  haea 
an  arzoz  pazfozMnoa  abicb  is  at  ones  acoaptabla  for  all  IRM 
aazviosa.  to  this  aad  it  la  daaizabla  that  tba  aapazataly 
a^zaasad  ^jactieas  ba  ooepatibla  in  tbat  tbsy  onafom  to  a 
aiagla  zaqalzad  qaali^  of  tzaaanlasiao. 

tba  objsctiaa  of  tbia  oontzlbation  ia  to  pzaait  a  Msaas  of 
dafiaing  azsoc  parfemaaos  iMieb  at  oaea 

•  takas  aceemt  of  tba  aayu  arzoza  aza  diatsibatad 
in  pzaetioa 

•  is  oaneaa^ntly  ecaieaztlbla  into  fozna  abicb 
aza  fMaalngPal  Cor  diffaraat  tfSM  asagaa 

•  pzowidaa  a  basis  of  coapacison  of  tba  lavals  of 
digital  tzwraiasi«i  quality  i^liad  by  uaatf 
oziMtad  parfomwca  ^jactiVM. 


. . 
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2.  A««»"«pfcion«  flgvant  to  error  distribution 

Early  atudla*  of  digital  natwork  error  performance  generally 
aasuMd  a  constant  bit  error  probability,  its  value  being 
4pp^Q](^giA^ed  by  tbe  long  term  mean  error  ratio,  a  readily 
measurable  quantity.  The  mathematics  of  the  resultant  error 
distributions  was  available  -  the  Poisson  distribution. 

The  percentages  of  integrating  periods,  seconds,  minutes, 

S-mi^tes  or  whatever,  during  which  specified  error  ratios, 
choices  exercised  according  to  the  particular  ISDN  service  being 
considered,  (sight  be  exceeded  were  calculable  from  the 
long  term  mean  error  ratio. 

In  the  event  measuresients  of  realized  error  performance  have 
demonstrated  that  errors,  in  practice,  occur  in  clusters,  so 
l.nvalidating  the  aasuogition  of  a  constant  bit  error  probability 
and  derivations  based  on  Poisson  theory. 

He  suggest  that  the  following  alternative  basic  assumptions 
accord  reasonably  wall  with  the  actual  behaviour  of  real  networks, 
so  far  as  they  have  been  observed  : 


The  probability  par  bit  that  an  error  cluster  will 
begin  is  constant  and  is  approximated  by  the  long 
term  mean  ratio  of  cluster  rata  to  bit  rate 


••  The  numbers  of  errors  in  clusters  themselves  follow 
a  Poisson  distribution. 

The  mathematics  of  such  error  distributions,  although  rather  more 
eomiplex  than  the  simple  Poisson  distribution,  is  already  available 
and  promises  to  satis^  the  objectives  put  forward  in  the 
introduction  abovm* 


A  Contagious  Distribution  (see  ref.) 


Such  a  distribution,  derived  from  the  foregoing  stated  assumptions) 
is  defined  by  two  parameterst 

•  the  cluster>bit  ratio  (mi)  expressed  as  the  seen 
number  of  clusters  per  stated  sample  size  of 
transmitted  bits 

°  the  aman  number  of  errors  per  cluster  (a2) . 

The  probability  of  encountering  exactly  *r”  errors  in  a  sample 
is  given  byt 


„  '"i  _  -m  )  1 1 

Pf  = - •  .  =0  * 

r  I  ( 


wnate  i  s  m,  -  •  '"’j 


(22) 
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■[he  spcclAl  CASS  of  fchA  probAblllfy  of  a  sab^Ia  contAinin^  no 
Arrors  la  glvan  byi 


Po««ip  I -m,  il  -  A‘"'»>*^ 


ThA  SAAn  of  thA  distribution  is  m],.in2;  this  is  squAl  to -n.Pf 
irtiArs  n  is  ths  nusdasr  of  bits  in  ths  chosan  saaplA,  64  kbits 
possibly,  sad  p  ths  long-tazm  mssn  srror  ratio. 

ThA  vATianee  of  thA  distribution  is  nim2(l  ^2)  • 

Zt  is  to  bA  notad  that  as  m2  -»  0  so  do  ths  asan  and  ths  varlancs 
of  ths  distribution  approach  squallty,  ths  charactArlstlc  of 
thA  sisals  Poisson  distribution. 

Also  notAtiorthy  is  tha  fact  that  clustars  ara  charactArlaad 
only  by  tha  nuabars  of  arrors  thay  contain# 


For  64  kbit/s  transBd.saiQn,  long  tarm  naan  arror  ratios  of  10~^, 
S.lO't,  3.10*^  and  1.10~*  and  naan  valuss  of  arrors  par  clustar 
of  from  1-1000  «a  hava  calculatad  tha  foraeast  parcantagas, 
according  to  tha  foragolng  suithamatics,  oft 

-  arror  fraa  saconds  (Fig. 1) 

-  sdautas  during  which  tha  arror  ratio  la  battar 
than  10-5  (Fig.2) 

-  adnutas  during  which  tha  arror  ratio  la  battar  than 
lor*  (Fig.  3). 

Tha  rangas  of  waluas  takan  into  account  ara  thoas  approprlata 
to  ba  coasldarad  In  ralatlon  to  parforaanca  objactlvas  for  a 
25,000  kai  hypothstlcal  rafaranca  digital  oonnactlon,  tha  subjact 
of  Rac.  G.821  (Irror  parforaanca  on  an  Intamational 

digital  oonnactlon) . 


(22) 
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Figure  1  -  The  variation  with  degree  of  cltistering  of  the  percentage  of  seconds 
of  6U  kbit/s  transmission  which  are  error-free  for  different  values 
of  long  term  mean  error  ratio  (p) 


Figure  2  -  The  variation  with  degree  of  clustering  of  the  percentage  of  minutes 
of  6h  kbit/s  transmission  having  an  error  ratio  less  than  10  ^  for 
different  values  of  long-term  mean  error  ratio  (p) 
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Figure  1  confirms  the  frequently  observed  effect  of  error  cluster¬ 
ing  that  performance  expressed  in  terms .of  error  free  seconds  is 
significantly  better  than  would  be  expected  from  a  measured  long 
term  mean  error  ratio  and  an  assuswd  Poisson  distribution  of 
errors. 

The  particular  long  term  mean  error  ratio  whidi  would  satisfy  a 
95t  error  free  seconds  objective  depends  on  the  degree  of 
clustering.  A  long  term  error  ratio  of  10~5  would  suffice  given 
a  degree  of  clustering  as  high  as  is  represented  by  an  errors 
per  cluster  value  of  12.5. 

Otherwise,  tne  necessity  of  a  superior  long  term  mean  error  rate 
is  indicated. 


Error  oerformance  objective  for  teleohon 


Figure  2  demonstrates  an  effect  of  error  clustering  which  seems 
not  to  have  been  so  well  anticipated  as  that  referred  to  in  3. 
above  but  is  quite  explicable,  nevertheless.  If  the  significant 
integrating  duration  is  one-minute  and  the  acceptability  criterion 
is  an  error  ratio,  over  the  minute,  of  ID'S,  error  clustering  up 
to  a  Ksan  value  of  errors  per  cluster  of  about  50  actually 
reduces  the  percentage  of  acceptable  minutes  for  a  given  long 
term  mean  error  ratio.  For  values  of  mean  errors  per  cluster 
qreater  than  SO  the  percentage  of  acceptable  minutes  increases 
progressively. 

The  same  effect  is  not  so  evident  for  a  one-minute  threshold  of 
error  ratio  10~S  (see  Fig.  3) .  The  maximum  acceptable  number  of 
errors  per  minute  in  this  case  is  only  three  so  the  etirves  have 
shapes  rather  similar  to  those  for  error  free  seconds  (Fig.  I). 
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6.  N««d  for  field  measurements  of  error  ratios  and  dlatrlbuti-oi  : 

A  major  difficulty  associated  with  the  fonnulation,  at  the  present 
time«  of  error  performance  objectives  for  the  ISON  is  the  scarcity 
of  measurenents  of  the  error  perfomumce  of  working  sy stmts. 

Such  data  are  essential  if  the  objectives  set  are  to  be  realistic. 

During  the  1977-80  study  period  to  date  the  only  measurements 
contributed  to  Study  Group  XVIII,  to  our  Icnow ledge,  were  those 
by  Prance  (COM  XVXII  -Nos.  28  and  278)  and  Switzerland  (COM  XVIII 
-  Mo.  208);  these  were  necessarily  limited  in  scope  to  relatively 
short  distance  transsUssion  systems  but,  even  so,  have  been 
extremely  useful.  It  is  desirable  that  the  reply  to  Q.  1/XVXXI 
for  1977-80  and  the  texts  of  new  questions  Swt  for  1981-84 
es^ih seize  the  Importance  of  new  information  derived  from  field 
meaeuremants. 

nils  coitributiaa  confirms  the  need  to  meaaure  data  %(blcb  are 
indicative  of  ttxe  distribution,  or  clustering,  of  errors  as  well 
as  the  overall  ratio  of  errors  to  bits  transmitted.  This  might 
bo  done  in  various  ways. 

the  Swiss  contribution  COM  XVXXX-No.  208  analyses  the  total 
duration  of  a  2048  kbit/s  traasad.asion  into  the  elesMntal  periods, 
seoonds  or  minutes,  containing  different  niadoers  of  errors, 
including  sero.  the  transmission  rata  and  the  length  and  type 
of  aonnaetion  have  to  be  stated,  of  course.  The  Preach 
ooatribtttion  CON  XVXXl-No.  278  describes  a  rather  eiadlar  prograsmi 
of  maaeuremeats  performed  on  140  itiit/e  systems.  Both  parameters 
•l  and  ma  can  be  determlaed  fna  the  data  produced  by  such 
measurwaaets. 

Alternatively,,  the  parameter  ma  nay  be  measured  directly  by  a 
owiting  of  the  total  bits  in  error  and  of  the  ntmdier  of  clusters, 
i.e.  the  number  of  errors  wbicb  are  the  first  errors  of  new 
clusters.  A  cluster  is  characterized  by  the  large  atmriiers  of 
oorrectly  transsdtted  bits  which  separate  it  from  adjacent 
clusters  coshered  with  the  niabers  which  separate  the  bit  errors 
within  itself. 


7.  Suwwry  and  Conclusions 

Tbm  study  of  ISON  performance  objectives,  e.g.  with  reference 
to  a  hypothetical  25000  Itm  64  kbit/s  connection,  is  substantially 
simplified  by  two  basic  assumptions: 

-  that  error  clusters  (as  distinct  from  the  errors 
themselves)  aze  randomly  distributed, 

-  that  the  numbers  of  errors  per  cluster  are  also 
randoaU,y  distributed. 

Error  performance  objectives  expressed  in  terms  of  different 
error  ratio  thresholds  and  integrating  periods,  neaaingful  for 
differmt  ISON  services,  are  then  coiig>arable  on  the  basis  of 
two  parameters,  the  long-term  mean  error  ratio  and  Che  mean 
number  of  errors  per  cluster.  The  rscacaaendlng  of  inconsistent 
objectives  for  different  services  can  in  this  way  be  evoidsd. 


the  two  mentioned  perameters  do,  in  thsaeelves,  provide  a 
sufficient  method  of  specifying  an  ISDN  parformann  objective; 
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furthanaorc,  on  objective  expreeaed  in  this  way  is  readily 
apportioned,  as  appropriate,  to  diffe.ent  parts  of  the  reference 
oonnection. 

The  iaportamce  of  nore  field  measurements  of  error  performance 
is  es^hasized;  suggestions  are  made  as  to  how  these  may  most. 
effectively  provide  information  on  error  distributions  as  they 
occur  in  reality. 
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Annex  7 

(to  Question  9/XVIIl) 


Relation  between  error  measures 
(Contribution  by  American  Telephone  and  Telegraph  Company) 


!•  A  proposed  draft  reconmendation  suggests  two  error  performance  objectives, 

both  of  which  are  to  be  met  concurrently.  These  are: 

-  More  than  90  percent  of  minutes  to  have  better  than  TOO”®  errer  ratio. 

-  More  than  92  percent  of  seconds  to  be  error  free  (for  64  Kb/s  connections). 

It  is  natural  to  inquire  as  to  the  relation  between  these  requirements.  This  relation  may  be 
investigated  by  making  some  assumptions  regarding  the  error  statistics.  Alternatively,  the  limits 
on  one  measure  guaranteed  by  the  other  regardless  of  the  statistics  may  be  calculated,  and  this 
calculation  is  carried  out  below.  It  is  found  that  a  connection  providing  exactly  90  percent 
minutes  at  better  than  1-10'6  error  ratio  will  provide  from  85.5  to  99.8  percent  error-free- 
seconds  at  64  Kb/s,  and  that  a  connection  providing  92  percent  error-free-seconds  at  64  Kb/s  will 
provide  from  0  to  97  percent  minutes  better  than  I-IO"®. 

2.  If  we  have  90  percent  minutes  better  than  1-10*®,  then  for  90  percent  of  the 
minutes  there  must  be  less  than  (10"^)  (64)  (103)  (60)  =  3.8  errors.  Therefore,  there  can  be 
from  0  to  3  errored  seconds  in  the  90  percent  interval.  In  each  minute  of  the  10  percent  (at 

the  limit)  o'  minutes  worse  than  10”®  there  must  be  at  least  four  errors,  which  could  all  occur  in 
one  second,  or  there  could  be  60  errored  seconds  in  each  such  minute.  Therefore,  the  percent 
error  seconds  corresponding  to  the  90  percent  minutes  criteria  ranges  from 

(0)  90S  +  (1/60)105  =  0.175  to 
(3/60)  90S  +  (60/60)  105  =  14.55 

3.  If  we  have  92  percent  error  free  seconds,  tne  8  percent  errored  seconds  could 
each  have  one  or  more  errors.  Since  any  second  with  4  or  more  errors  causes  the  minute  in  which 
it  appears  to  be  worse  than  the  10'6  threshold,  and  8  percent  of  60  seconds  is  4.8  seconds,  there 
may  be  no  minutes  better  than  I-IO"®.  On  the  other  hand,  if  three  errored  seconds  occur  ir  each 
minute  for  31  minutes,  and  then  one  minute  with  60  errored  seconds  occurs  we  have  still 
fapproximately)  8  percent  errored  seconds,  but  now  (approximately)  97  percent  minutes  which  are 
better  than  1•10•6. 
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Annex  8 

(to  Question  9/XVIII) 


Effect  of  digital  signal  processing  devices  on  the 
transmission  performnnce  of  international  digital  connections 

(Contribution  by  Bell-Horthem  Research/CTCA) 


latroduetlea 


It  kaa  bam  kaown  (or  •oaa^claa  that  an  Intamacional  dlf ical  rnnaarflni 
baCMM  cmtacrlaa  uaitt«  A-law  and  Mu'law  KM  codiet  ratulca  ditical  coda 
eonvaraloa  if  an  aacaaaiva  anotmc  of  diacorcion  la  co  ba  caoldad.  A  aaicabla  coda 
eewraralon  baa  baan  riri— iwdad  (laeonMadaclon  C.7U)  and  cba  parfonaaea  of  an 
Idaal  eonaaccloa  lavolvlat  aa  A/Ma.  Ma/A-iaa  eoawaraloa  haa  baaa  tiAliabad  (CCITT 
Craan  laok  Vol.  IXt-3  P.  MA  Pltara  4). 

■avac^alaaa,  a  traetlcal  lacacaaclonal  coaaactloa  aay  contain  additional 
*M**1  ptocaaal^  davicaa  idilcb  can  canaa  furtbar  dlatortlon.  Thaca  will  alao  bn  a 
fwrtbar  datradatlon  dna  to  raadoa  bit  atrora. 

Oalat  coafntac  aodala,  calcnlatioaa  hava  tharafora  baM  aada  of  tba  ovaxall 
altnal  co  dlatortlon  ratio  (for  a  gauaalan  Ingut  altnal)  of  varlona  practical 
caanacclona*  Ibaaa  cenaaetlona  iacluda  A/Mu-law  convaraloaa  and  acbac  digital  algnal 
procaaalag  daalcaa  aneb  aa  a  4  dl  digital  gad  and  a  lyglcal  bit  radnetlon  acb«a. 
lha  affacc  of  raad<M  bit  arrara  baa  alao  baaa  lavaatlga'tad*  Tba  ntrdala  aaniaa  idaal 
A  ^  M»-law  aagnancad  coding  lawn  and  coavaraloa  mlaa  according  ta  Itarnnaaaiartna 

CaTXXa 


Calculations  of  the  signal  to  distortion  ratio  of  A  and  Mu-law  encoding 
with  each  of  the- digital  signal  processing  devices  alone  are  given  in  Figures  la  and 
lb.  Notice  that  a  6  dB  pad  has  been  used  in  these  calculations.  Other  pad  values 
would  give  sonewhat  different  values  of  signal  to  distortion  ratio  for  A  or  Mu-law. 

In  this  and  s\ibsequent  figures  the  dashed  line  represents  the  template  for 
the  allowable  signal  to  distortion  ratio  of  a  single  codec  from  Recommendation  G.712 
(gaussian  signal  input). 

2m  (^culatloa  laaulta 

(i)  Oaa  vary  lagorcaat  practical  coaaacCtoo  involvaa  aa  A/Nu-law  coavarsioa  vfaara 
cba  craaamiaaiaa  loss  is  acbiavad  by  aaans  of  a  6  dB  digital  pad  iasarcad 
prior  to  the  receive  codec.  This  connection  is  shown  in  Figure  2a.  Signal 
to  distortion  ratios  for  Mu  to  A  and  A  to  Mu  directions 
of  traaamlsaloa  for  this  coafiguracioa  are  shown  in  Plguras  3a  and  3b,  with 
aad  wlcbouc  a  6  dB  digital  pad  and  a  random  bit  error  ratio  of  10*^  .  It  is 
clear  chat  the  dagradacion  introduced  by  cha  random  bit  errors  la  the  dominant 
faatura.  In  comparlsoa  with  Figuras  4a  and  4b,  which  show  cha  affacc  of 
random  bit  errors  without  any  pad  or  A/Mu  law  conversion,  it  can  be  saan  that 
tba  conaaccion  of  figure  2a  would  hava  the  same  signal  co  distortion  ratio  as 
a  random  BBB  of  bacwean  1(P  and  10**  .  This  level  of  signal  to  discortion 
ratio  can  result  in  perceived  degradation  (CCIB  Doc.  h/T^;  197!i-107t), 

particularly  for  low  level  signals. 


*  To  facilitate  the  preparation  of  this  text  the  symbol  Mu  was  used  in  place  of 
Greek  letter  u  throughout  the  text. 


. . . . I . I . . . Ill . . . I . I . . 
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Th«  conflgucsclon  analyaed  above  can  be  extended  to  include  the  effect  of 
extra  eisnal  pcoceeainc  uhich  sight  occur  due  to  for  exa^le,  digital  speech 
ipcerpolatlon  systess.  When  such  a  systea  Is  in  overload  one  technique  to  M 
ehsooels  Instantaneously  available  Is  to  reduce  the  niaber  of  blts/saspla  to 
7.  this  is  also  known  as  trsns-codlng .  Although  this  bit  reduction  occurs 


ika  sore 


ity iiss |i  ally  depending  on  the  Instantaneous  talker  activity i  a  worst  case  Is  to 
aaataic  continuous  bit  reduction  to  7  bits*  A  connection  consisting# 


therefore,  of  a  Mu/A-law  conversion#  6dB  digital  pad#  7  bit  transcoding  and  • 
randow  BEE  of  liT*  has  been  analysed.  This  connection  is  shown  in  Figure  2b. 
yhe  signal  to  dlatortion  ratio  for  either  direction  of  traaawiasion  of  this 
coaaaction  Is  also  shown  In  Figures  3a  and  3b.  The  additional  7-bit 
transcodii^  causes  sows  reduction  in  the  eignal  to  distortion  rstio  for  high 
lewsi  signsls.  Howavsr#  in  this  level  range  the  signal  to  distortion  ratio  is 
still  sufficiently  high  that  the  subjective  effect  would  be  unnotlceabls. 

Ones  sgsln#  the  subjective  effect  would  be  on  low  level  signals. 


Savaral  cowputer  wodels  of  practical  iatarnational  digital  conssctlons 
involving  A/lfu  law  coovarsiona,  digital  pads  and  bit  reduction  scbsnss  have  boon 
aaslyssd.  Calculatiens  have  shown  that  the  addition  of  digital  signal  grocssalag 
devices  result  la  s  dacraase  of  signal  to  distortion  ratio,  for  eoansctions  with  a 
bit  error  ratio  of  UT*  this  docreaso  la  sufflclsnc  to  causa  a  notlcosbls  ehaaga  in 
the  pareatvod  dsgradation,  particularly  at  low  signal  levels.  It  Is  tbarafota 
suggastad  that  the  affect  of  digital  procssaing  davlcss  should  bo  taken  into 
conaidaratloa  whan  allocstli^  Inpsimenc  in  an  intareational  digital  conaactloa. 


diatortion  (cUl)  in  biuid  300-3  1*00  Hz  Signnl  to  distortion  (dB)  in  bond  300-3  >i00  Hz 
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QUESTION  10/XVm  -  Availability  for  the  ISDN 

(continuation  of  Question  5/XVlII,  studied  in  197T-1980) 

1.  What  availability  parameters  should  be  delined  for  the  ISDN,  and  what  values 
should  be  reconunended  for  each  parameter  ? 

In  particular,  values  of  parameters  should  be  defined  on  an  overall  basis 
(customer  to  customer)  and  apportioned  as  appropriate  to  nodes  and  links  in  the  network 
for  different  aspects  of  each  service  (see  Annex). 

2.  What  methods  should  be  used  to  measure  the  availability  ? 

3.  Which  hypothetical,  reference  models  should  be  coordinated  with  the  studies 
on  determination  ? 

Note  1  :  Studies  of  this  Question  shotild  be  based  on  the  results  of  those  carried 
under  Question  o/x’/III  and  in  close  cooperation  with  the  appropriate  Study  Groups. 

Note  2  :  Replies  to  this  Question  will  be  transmitted  to  Study  Group  CMBD  as 
contribution  to  Question  2/CMBD  by  the  Rapporteur  for  availability. 

Note  3  :  Meeting  these  aims  requires  careful  study  of,  an  ;i- ".ed  approach  to,  all 
aspects  of  service  availability  such  that  particular  parameters  are  not  considered 
in  isolation. 


Annex 

(to  Question  10/XVIIl) 


Reply  to  Question  5/XVIII  (Reliability  and  availability  of  digital  networks) , 

Study  Period  1977-1980 


General  aspects 

The  eTailablllty  end  reliability  pexfoneincs  abjeotlves  are  hi^ily 
depenlant  on  the  defialtlona  of  failures  in  a  network*  T^se  are  different  for 
different  aerrices  and  one  failure  also  haa  different  effeots  on  the  functions 
of  diffemt  aerrieea*  Sinoa  the  various  availability  requiieaants  depending 
on  different  seivleea,  leads  to  different  costs  in  the  network^  it  is  neesasaiy 
to  start  with  at  least  one  objective  for  each  service  and  then  try  to  ecabine 
thea  in  such  a  way  that  the  na^r  of  objectives  will  be  raduasd* 

As  a  basis  fbr  further  studies  at  least  the  following  four  levels  of 
performance  will  be  used  ; 

1 )  Noraal  service 

2)  Degraded  for  data 

i)  Interruption  for  non  tele;diany 

4)  Total  interruption. 

These  levels  as  well  as  the  objectives  have  to  be  defined  with  a 
number  of  suitable  parameters  and  the  study  of  which  parameters  can  be  used 
is  a  task  for  the  next  study  period. 
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The  aervioe  availability  objective  will  be  established  ta.-'.inr,  into 
consideration  the  quality  of  aer/ice  offered  to  the  subscriber  and  that  which 
con  bo  achieved  by  the  Administrations.  The  Administrations  will  be  able  to  allocate 
their  maintenance  personnel  and  procedures  and  the  provisioning  of  stand  by 
equipment  and  alternative  circuits  in  a  manner  most  appropriate  to  themselvoa 
but  at  the  same  time  achieving  the  performance  objectives. 

Calculating  failure  oecurvioas  and  the  probability  for  a  failure  in  the 
network  ^.ikas  it  naoaaaary  to  uaa  atatiatioal  astboda.  Thia  should  be  taken  into 
account  whan  avaluatinc  or  aaaaurlng  failures  in  a  network*. 

from  the  above  ia  xualaratood  that  speeif)in<  all  failures  and  failure 
affects  in  a  'coaplate  network  with  a  number  of  different  aerrieaa  ia  a  rather 
coaplieatad  teak.  Thia  makes  it  nsesssary  to  uaa  si^ilifiad  models,  snob  ss 
bypotbstioal  rsfsranee  circuits  and  the  wcric  with  those  must  contlnns  with  high 
priority  during  the  next  stedrparlod.  One  first  modal  has  been  developed  during 
the  study  period  (see  Figure  1). 

Whan  an  overall  availabiltty  performsnoa  objective  baa  bean  formulated, 
the  next  vary  ijqwrtant  problem  ia  how  to  aUooate  valuaa  (raquirsmanta)  to  the 
vatloua  parts  of  a  network,  ma  ia  an  eeonoaie  problem  of  hl^  iaportanno  and 
possible  optimisation  methods  must  be  dealt  with  as  soon  ss  possiblm. 

Conclusions  and  future  vork 

a)  The  principle  to  divide  the  network  into  two  basic  parts,  (1)  subscriber 
sub-system,  (2)  linking  sub-system  has  been  provisionally  adopted  as  the  basis  for 
further  studies.  It  was  also  agreed  that  the  linking  sub-system  portion  should 
receive  initially  the  greatest  emphasis.  This  principle  is  described  in  more 
detail  in  Appendix, 

b)  A  simplified  calculation  model  should  be  used.  Figure  1  to 
such  a  model  and  represents  a  part  of  a  switched  connection  in  an  inte¬ 
grated  digital  network.  This  model  does  not  include  alternate  routing 
or  rerouting.  Sufficient  redundancy  any  be  included  to  achieve  the 
desired  level  of  avallsbility.  considering  also  aaintainsbility. 

c)  This  model  could  later  be  expanded  to  include  2  or  more  routes 
between  the  two  switching  centres  and  the  achievable  availability  under 
these  conditions  may  be  determined.  It  may  be  desirable  to  indicate  such 
objectives  in  both  of  the  following  manners  :  (l)  at  a.oy  instant  of  timi 
X  per  cent  of  the  paths  shall  bo  available,  and  (2)  any  particular  path 
should  be  available  y  per  cent  of  the  time. 

Additional  refinements  to  the  model  may  also  be  achieved  by 
including  alternate  routing  thrcoigh  other  switching  centres  and  network 
oanag'nent  principles.  These  refinements  may  indicate  that  a  desired 
availability  objective  may  be  achieved  for  the  linking  sub-system  with 
lower  values  of  availability  objectives  fqr  individual  parts  of  that 
system  than  originally  indicated  by  the  study  of  the  basic  model  propot..  1 
in  (b).  In  all  cases,  it  has  been  assumed  that  sufficient  paths  have 
been  provided  using  traffic  engineering  principles  to  obtain  a  specified 
grade  of  service. 

The  interdependency  of  traffic  engin-  tring  and  path  availability 
objectives  must  finally  be  determined. 

d)  Availability  objectives  for  the  subscriber  sub-system  would  be 
studied  in  the  future  or  left  to  Ahe  responsibility  of  each  national 
network  Administration. 
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e)  The  definitions  of  faults  and  the  effect  of  a  fault  is  fundaaen'  al 
for  the  availability  and  reliability  of  a  network.  Definitions  such  as 

error  characterizations  and  data  (values)  are  needed.  During  this  study  period 
the  following  values  have  been  stazed  : 

-  An  error  ratio  in  excess  of  1.10"*  is  generally  regarded  as  being  a 
criterion  for  unavailability. 

-  On  a  61*  kbit/s  path  this  may  more  conveniently  be  exp^'essed  as  an  error 
count  of  more  than  61*  errors  per  second,  persisting  for  x  secunds. 

-  As  a  time  criterion  for  unavailability  1...2  seconds  have  been  mentioned 
initially  for  digital  service,  as  this  is  the  time  after  which  digital  multiplexes 
equipments  become  normally  unavailable  when  detecting  an  exc  sible  error  rate. 

A  value  of  10  seconds  for  telephony,  as  proposed  by  Study  G-  K.  has  been 
considered.  The  exact  value  should  be  decided  in  cooperatic  b  relevant 
Study  Groups  '(such  as  Study  Group  XI  and  CCIR  Study  Groups). 

f)  The  description  of  the  availability  concept  and  other  definitions  being 
studied  by  Joint  Study  Group  CMBD  will  be  used  as  the  basis  of  availability  work 
in  Study  Group  XVIII. 

g)  Different  levels  of  performance  have  to  be  taken  into  account  in  an 
ISDN.  Together  with  the  probability  for  a  subscriber  to  notice  the  different 
levels  this  is  essential  for  the  future  studies.  More  information  and  some  proposed 
values  are  given  in  Annex  5  of  Question  9/XVIII. 
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Appendix 

(to  Annex  to  Question  10/XVIIl) 

Availability  of  digital  transmi  on  gygtPing 
(contribution  by  the  Italian  Administration) 

1.  Introduction 

With  .'-iference  to  Question  5/XVIII  in  this  contributioh,  the  Italian 
Administration  presents  some  general  considerations  in  order  to  define,  evaluate  and 
express  the  availability  of  digital  transmission  systans. 

2.  Networks  and  transmission  systems 

An  analogue  or  digital  telecommunication  network  can  be  subdivided  into  two 
basic  sub-systems  : 

1)  subscriber  sub-system  -  that  includes  all  the  parts  being  assigned  to 
subscribers  and  allowing  the  access  to  the  network  (telephone  set,  individual 
line  connecting  the  subscriber  with  the  local  exchange,  local  exchanges); 

2)  linking  sub-system  -  that  includes  the  plants  and  the  facilities  in  common 

among  all  the  users  which  are  assigned  on  demand  by  a  frequency  division 

(analogue  transmission),  space  division  (space  division  switching),  or  time 
division  (digital  transmission  and  switching). 

Aiming  to  a  study  concerning  the  interconnection  and  the  interworking  of 
systems  belonging  to  different  Administrations,  it  is  mainly  important  the  linking 
sub-system  which  here  means  Integrated  Digital  Network  (IDN)  and  Integrated  Service 
Digital  Network  ( ISDN ) . 

Such  a  network  includes  : 

a)  nodes  -  where  switching,  signalling,  multiplexing  and  A/D  conversion  are 
carried  out; 

b)  branches  -  links  connecting  the  nodes  in  different  ways. 

As  a  first  approach  to  the  problem,  the  study  of  the  transmission  systems 
on  the  reliability  point  of  view  could  be  carried  out  :  they  actually  correspo.nd  to 
the  branches  and  partially  to  the  nodes  (the  exchanges  are  excluded). 
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In  fact,  the  tranSEission  systeES  are  defined  as  the  wnole  of  the 
transmission  facilities  that  fulfil  bi-directional  paths  suitable  .or  transmi...ns 
useful  telecommunication  signals  between  two  terminals. 

The  transmission  system  is  generally  subdivided  into  two  systems  : 

a)  sub-SYStom  -  that  fulfils  the  A/D  conversion  of  the  signal  and  the 

multiplexing  at  different  hierarchical  levels; 

Tina  sub-svstem  -  that  fulfils  the  bi-directional  transmission  over  physical 
lines  (cables,  guides,  fibres),  including  them  as  well  as  the  regenerators. 

Because  of  the  complexity  of  the  telecommunication  networks  an*!  the  variety 
of  the  transmission  systems,  some  peculiar  characteristics  of  them,  useful  for 
determining  a  reference  model,  should  be  chosen. 

3.  Availability  of  networks  and  systems 


Considering  the  telecommunication  network,  it  is  important  to  t^e  into 
account  the  SeraUrJ  and  service  point  of  view,  therefore,  the  availability  concept 
seems  more  interesting  than  the  reliability  aspect  when  applying  to  the  networks. 

The  availability,  in  a  large  sense,  includes  the  aspects  of  the  reliability 
and  the  maintenance  concerning  the  maintainability  of  the  systems  as  well  as  the 
logistic  support  of  maintenance  (Figure  1). 


'•STBF  -  MEAN  TIME  BETWEEN  FAILURES  (REPAIRED  SYSTD1S) 
^^^TR  -  MEAN  TI.ME  TO  REPAIR 

alt  -  AVERAGE  LOGISTIC  TI^^E 

Figure  1 
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So,  it  appears  as  a  combined  concept  where  the  system  and  the  service  aspects 
are  included.  But  no  availability  objective  has  been  recommended  by  CCITT  as  concerns 
the  network  :  only  recently  CCIR  has  fixed  an  objective  concerning  the  radio-relay 
systems.*^ 

This  objective  can  be  far  from  the  value  relating  to  the  networks,  because 
in  some  cases  very  high  availability  values,  valid  for  the  networks,  could  be  met  using 
re-routing  techniques  of  large  assemblies  of  circuits  instead  of  systems  having  high 
intrinsic  availability. 

Really,  a  complete  study  concerning  the  availability  of  the  networks  should 
also  include  the  traffic  aspects  and  should  take  into  account  the  dynamic  management 
criteria  (e.g.  re-routing  techniques). 

U.  Availability  of  paths 

The  complexity  and  the  modern  management  of  the  networks,  based  on  the 
dynamic  operating,  easo  suggests  to  consider  the  availability  of  paths  instead  of  the 
availability  of  systems. 

So,  in  addition  to  the  maintenance  aspects  (in  a  large  sense)  covered  by  the 
availability  concept,  it  is  possible  to  take  into  accoxmt  the  structure  of  the  network, 
i.e.  the  network  redundancies,  the  distribution  of  circuits  between  different 
transmission  systems,  the  influence  of  sub-systems  outside  the  transmission  system  under 
consideration  but  indispensable  to  its  operation  (e.g.  no-break  power  facilities), 
and  the  manual  or  automatic  re-routing. 

In  fact,  it  should  be  noted  that  an  interruption,  due  to  failures  or 
maintenance  operations  concerning  an  individual  circuit  or  a  circuit  assembly,  may  not 
mean  a  consequent  interruption  of  traffic  if  suitable  re-routings  have  been  carried 
out  according  to  agreed  procedures  corresponding  to  network  planning  criteria. 

As  a  first  approach  to  the  study  of  Question  5/XVIII,  the  traffic  and  dynamic 
management  aspects  have  not  been  taken  into  account  and  a  simplified  model  could  be 
developed  on  the  basis  of  this  assumption. 

5.  Conclusions 

In  this  contribution,  attention  is  drawn  on  the  complexity  of  the  study 
relating  to  Question  5/X'/III.  As  a  first  approach,  the  strong  assumption  of  negliging 
the  traffic  concept  is  proposed  in  order  to  develop  a  reference  model  suitable  to 
define  and  evaluate  the  availability  of  paths,  taking  into  account  reliability  as  well 
as  the  maintenance  aspects. 


•)  Recommendation  llo.  557  (v'olume  IX,  Kyoto,  1978). 
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coi-:  i-e 


QUESTic::  ii/:r.'ii3 


^-nal'ac^erls■CiC£ 


;a_  sections 


(Continuation  of  part  of  Question  il/XVIII,  studied  in  1-77-loSo) 

a)  What  essential  coanson  criteria  should  te  established  for  all  types  of 
digital  line  sections  and  digital  radio  sections  ? 

Note  1  :  Consideration  should  be  given  to  the  need  for  digital  line  sections  and  digital 
radio  sections  to  be  interchemgeable  and  intercocnectable.  However  significant 
differences  may  exist  between  performance  characteristics  for  systems  using  different 
media. 

Note  2  :  Coordination  with  CCIR  Study  Groups  1»  and  9  must  be  undertaken  to  establish  the 
consaon  criteria. 

b)  In  which  way  should  the  existing  Recommendations  of  the  G.9xy  series  be 
amended  and  completed,  insofar  as  they  relate  to  digital  sections  ? 

c )  What  new  Recommendations  should  be  established  regarding  digital  sections 
(e.g.  using  non-hierarchical  bit  rates)  ? 

d)  What  are  the  principles  which  should  form  the  basis  for  the  detailed  study 
of  the  local  network  digital  line  transmission  systems  and  multiplexers  for  connecting 
digital  terminals  to  the  ISDN  ?  (To  include  combination  of  analogue  and  digital 
terminals  and  PABXs). 

For  each  individual  type  of  digital  line  section,  the  following  specific 
points  require  study  ; 

-  bit  rate; 

-  special  properties  (such  as  bit  sequence  independence,  or  restrictions  of 
the  bit  sequence  that  may  be  transmitted); 

-  characteristics  of  interfaces  (normally  these  should  be  in  accordance  with 
Recommendation  G.703); 

-  error  performance  (expected  to  comply  with  Recommendation  G.821  which 
specifies  the  overall  network  performance); 

-  jitter  performance  (input  and  output  jitter  as  well  as  jitter  transfer 
function;  Recommendation  G.7f'3  should  be  observed); 

-  other  performance  parameters; 


-  availability; 

-  fault  conditions  and  consequent  actions. 
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Annex 

(to  Question 

Criteria  for  the  fault  condition  "error  ratio  1.j0~3 
in  digital  line  sections  at  20^3  kbit/s 

(Contribution  from  Federal  Republic  of  Germany) 

1  Introduction 

Th«  fault  condition  "Error  ratio  1.10"3"  in  digital  line 
•actions  at  2048  kbit/a  corresponds  to  the  fault  condition 
■Sxcaaaiva  arror  rata"  in  2048  kbit/a  primary  multiplex 
aquipmant,  iriiich  is  specified  in  detail  in  Rae.  C.  732. 

Vlth  raspaet  to  the  important  corsequant  actions  (prompt 
■alntenanea  alarm,  emission  of  AIS), it  is  necessary  to  define 
.  a  similar  detailed  specification  for  the  fault  condition 
■Krror  ratio  1.10“3’'  in  line  sections  at  2046  kbit/s. 

Iha  fault  condition  "Error  ratio  1.10“5"  is  less  iisportant 

since  it  only  implies  a  deferred  maintenance  alarm.  Its  detailed 
specification  can  therefore  be  left  to  the  national  Administra¬ 
tions. 

2  Modifieetiohs  vlth  respect  to  Rec.  C.732 

In  priifary  multiplex  equipmont,  errors  are  detected  in  the 
frame  alignment  signal;  in  digital  line  sections, errors  are 
detected  by  code  rule  violations.  The  relation  between  vio¬ 
lation  rate  and  bit  error  rate  depends  on  the  line  code, 
the  choice  of  code  rule  violations  to  be  detected  by  the  error 
detector,  and  on  the  binary  signal  pattero. 

In  actual  operation, the  statistical  properties  of  the  binary 
signal  pattern  may  be' described  by  two  limiting  cases.  If 
all  channels  are  busy, the  binary  signal  approaches  a  random 
pattern;  if  all  channels  arc  idle, the  binary  signal  approaches 
a  1010. .  .pattexn;  if  only  part  of  tha  ohaaaals  is  idla,  tha 
statiatleal  properties  of  the  binary  signal  art  soaawhara  bo- 
'b«en  these  limiting  cases. 
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w!;icr.  t-r.e  spccifi^atior:  should  net.. 
rar.dor.  pattern  aoccrdir.g  tc  Reconraendatio:. 

Measuring  tlme_for_activating  the  indication^of  fault  condition 

The  code  violation  frequency  is  in  any  case  by  at  least  one  order 
of  aagnltude  higher  than  the  frequency  of  errors  in  the  fraae 
alignment  signal.  Therefore,  the  measuring  time  for  activating 
the  indication  of  fault  condition  can  be  reduced  to  a  few  tenths 
of  a  second  as  compared  to  the  “few  seconds"  in  G,732. 

Insensitivity  to  error  hursts 

The  error  rate  detector  in  a  line  section  should  have  the  same 
insensitivity  to  error  hursts  as  the  error  rate  detector  end  the 
loss  of  frame  'alignment  detector  of  primary  multiplex  equipment. 

In  primary  multiplex  equipment,  an  error  burst  of  up  to  four  frame 
lengths  (  i  0,5  ms)  does  not  setivete  sny  indication  of  fault 
condition  since  only  two  errors  in  the  frame  alignment  signal 
mre  detected. 

Criteria^for^deactlvating  the  lndication_,of  fault  condition 

The  definition  of  the  criteria  for  deactivating  the  Indication 
of  fault  condition  must-  take  into  account  the  argument  concerning 
the  mutual  dependence  between  error  rate,  service  alarm  and  binary 
signal  pattern,  v/hlch  is  isdlcsted  in  Doc.  XVIII»No> 217, Appendix  4 
to  Annex  1.  ViThen  the  fault  condition  "Error  ratio  1.10"3"  is  de¬ 
tected  in  a  digital  line  section,  the  digital  path  is  taken  out 
of  service  and  the  binary  digital  signal  pattern  is  changed  into 

the  idle  pattern  (..10101...)  of  the  multiplex  equipment.  As  a 
consequence  of  this  change  of  pattern, the  error  rate  may  decrease 

considerably  and  the  indication  of  fault  condition  "Error  ratio  1,10“3 
in  the  digital  line  section  say  be  deactivated,  unless 

the  threshold  for  deactivation  is  sufficiently  low.  Ln  accor¬ 
dance  with  the  above-mentioned  document, it  is  proposed  to  deacti¬ 
vate  the  indication  of  fault  condition  not  before  the  error 
rate  has  fallen  belcv;  i.io~5. 


sugnes'.ec  select  a  i'  -i  ojeude- 


X.4»1.3  Error  ratio  1.10“3  detected  by  code  rule 


violations . 


I. 4. 1.3.1  Criteria  for  activating  the  Indication  of  fault 
condition: 

-  Error  ratio  £  l.io-** 

She  probability  of  activating  the  Indication  of  fault 
condition  in  a  few  tenths  of  a  second  should  be  less  than 
10-^. 

-  Error  ratio  ;ii.io~3 

The  probability  of  activating  the  indication  of  fault 
condition  In  a  few  tenths  of  a  second  should  be  higher 
than  0.93*' 

The  Indication  of  fault  condition  should  not  be  activated 
by  an  error  burst  ^  0,5  as. 


I. 4.1. 3.2.  Criteria  for  deactivating  the  Indication  of 
fault  condition: 

-3 

••  BXTOT  ratio  >  1.10 

The  probability  of  deactivating  the  Indication  of  fault 
condition  in  a  few  seconds  should  be  alaost  0. 

—  Error  ratio  >  1.10  ^ 

The  probability  of  deactivating  the  Indication  of  fault 
condition  In  a  few  seconds  should  be-  less  than  0.03. 

-6 

-  Error  ratio  <  1.10 

The  probability  of  deactivating  the  Indication  of  fault 
condition  in  a  few  seconds  should  be  higher  than  0.95. 

Note:  The  criteria  are  valid  for  a  psaudo-random  pattern 

according  to  Rec.  0.131* 


f  »  s  s  i  M 


■»  A*- 


■)  tkat  wrk  c«rria4  ouc  la  tka  tefiaitlea  ataga  of  tka  aalacaMaca 
gkilaaa^  teiag  tka  ItMijr  >ana4  tt977*lN0)  kaa  « 

*akar  of  tka  l■^l^^aar^^faa  aagaeta  af  cka  phTInanykj  (laeaMaa* 
iaUaa  fi7M}t 

k)  tkae  a  «all  aaf  laa4  aaimtaaaaea  philoaoMr  «1U  4ataralaa  cka  • 
Alnetloa  af  funita  aalaceaaaca  acuilaa; 

c)  ekac  lacoMaafatlaa  C704  la  tarnapUta  (a.g.  aa  4i«ltal  aalccklag 
aai  algaalllag  caaaMaraclaaa) ; 

a}  ckac  eartala  aparatlaaal  aapacca  of  aacaerk  aaf  traffic  — liga 
■aae  aap  laflaaara  aalarawaara  phlloaopkp; 

a)  tkac  laplaaaatacloa  af  cka  phlloaopbp  la  coaplaa  aak  raaalraa 
■apaiiia  craataaac; 


What  is  the  overall  ratintenance  philosophy  for  digital  networks  ? 


The  following  specific  points  require  study  : 


1.  What  additional  principles  are  needed  to  ensure  that  the  laaintenance 

philosophy  encompasses  all  elements  of  the  network  ? 


2.  To  what  degree  is  network  surveillance  required  to  identify  status  and 

quality  of  connections  and  network  elements  ? 


3.  What  is  the  effect  of  differing  service  requirements  on  network  maintenance 

philosophy  ? 


Annex 

(to  Question  12/mil) 

Test  sequence  to  measure  the  bit  error  rate  on  6U  khit/s  ct^annels 


1.  Introduction 

Tbe  tranaaisaion  of  digital  inforaation  at  a  rate  of  6k  kbit/s  is  poasible  via 
digital  POI  tranwission  systeas  as  well  as  via  (analogue)  carrier  frequency  aysteas. 

Tne  interface  for  the  digital  6i  kbit/s  aignal  is  specified  in 
Recowndations  0-703  and  0.732.  In  Figure  k/G.702  the  6k  kbit/s  digital  path  is 
illustrated.  The  hypotnetical  reference  circuit  is  described  in  Recoaaendation  0.721- 

The  aodn  according  to  RecoMendation  7.36  allows  the  tranaaisaion  of  a  6k  kbit/s 
signal  in  a  pi !asi  j  group  in  the  frequsncy  hand  60  to  108  kHt  via  the  analogue  carrier 
frequency  traasaissi<»  syatea. 

For  hit  error  rate  aeasureaents  on  the  above  channel  a  and  their  eoAinations  the 
specification  of  a  standard  test  sequence  is  urgently  required. 
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2. 


ProBO— t 


It  is  jropote^to  specify  s  pseudo-rsad<w  psttern  ss  s  test  sequence  vbicit  bss 
a  pattern  lescth  of  2'*^-!  ■  20li7  bits.  This  test  sequence  can  be  produced  by  aesas  of 
an  IX-stace  shift  register  vith  feedback  froa  the  outputs  of  the  9th  and  Uth  stage  of 
tbs  first  stage  ria  an  ezeluaiTe  OR  gate. 

It  should  be  noted  that  this  test  sequence  contains  a  aariaiw  of  10  consecutire 
*%*  bits.  Therefore  in  the  ease  of  international  testing  sbere  the  aeasureaent  includes 
systeaa  based  e»  15^^  kbit/s  it  is  necessary  to  a^ify  the  test  sequence  in  such  a  vay 
to  avoid  aore  than  7  consecutive  "O'*  bits.  The  specific  details  of  ispleaenting  this 
approach  is  left  to  Study  Group  IV 

Tmo  essential  conditions  are  aet  by  the  proposed  teat  sequence  : 

a)  The  test  sequence  is  a  maT^min  run  length  pseudo  randoc  sequence,  (which 
aeans  that  its  generating  polynoaial  is  priae  and  priaitive),  and  if  the  nuaber  of 
stages  of  the  shift  registers  in  the  scraabler  is  lets  than  that  of  the  test  sequence 
generator,  then  the  scraabler  and  the  teat-sequence  generator  cannot  have  a  conaon 
factor.  In  such  case  there  will  be  no  restrictions  with  respect  to  possible  scraabler 
configuration . 

b)  The  period  of  the  test  pattern  does  net  exceed  the  tiae  still  convenient  for 
practical  aeasureaents.  On  the  other  hand,  the  test  sequence  is  sufficiently  long  to 
closely  siaulate  the  randcai  signal  being  present  in  practice. 

In  addition  to  the  randen  pattern  capability  described  above,  this  test 
equipnent  should  provide  for  fixed  patterns.  The  definition  of  these  patterns  is  under 
study. 

Since  the  proposed  test  sequence  can  also  be  used  at  bit  rates  of 
U8  kbit/s  to  72  kbit/s,  it  snould  be  considered  whether  in  view  of  the  advantages 
mentioned  above,  it  would  be  advisable  to  replace  the  test  sequence  described  in 
HecoaBcndation  V.57  by  the  pattern  of  2^-1  bit  length.  In  any  case,  this  pattern 
should  be  mentioned  in  V.57  as  a  possible  alternative. 


It  should  be  noted  that  Study  Group  XVI 
pattern  of  2^-1  length. 


has  followed  the  proposed  test 


UZSTXON  1“/XVTTT 


Ispiesentation  of  "aintenancs  nhiioscuhv 


(continution  of  part  of  Question  !*/Xv’lii,  studied  in  1977-1980) 


Considering 

that  paramatara  ladlcaclog  aatwotk  pacfocaaaca  have  only  been  defined 
la  a  prellmlaery  eeener,  mora  work  will  be  required  to  cbeir 

Ualte  for  esnerk  Mlncenaaca  purpoaee; 

tbet  melmreneece  cecbalquea  and  procaduraa  will  be  required  for  all 
•leaamce  of  tho  digital  aanmrk; 


tbac  Mtaerfc  ead  ayataa  taeclag  procaduraa  should  be  recoaaaadad  to 
oartle  the  prewisioalag  of  cesclag  and  dlagBoecic  cepebilitlee  la 
eyefeae  nd  equlpaeac; 


rber  ctera  la  a  aaod  to  provide  coordinated,  uaeabiguoue  aleias  and 
iadlcaeioaa  to  affieieasly  isolate  felled  aerwork  coapoaeata  sad 
rest ora  aarvlca; 


•}  chsc  cba  coBccpc  of  aolntcoancc  acctclaa  aod  aub-aaciclaa  saada  to  bo 
furthar  daflsad; 

f)  chat  it  ia  aacaasary  to  cnaura  a  conon  iotcrpracaclos  of  tha  Mlatasaaca 
philoaoph^  by  all  Study  Ctoupa  chat  ara  conccraad  with  tha  avolucioo 
of  tha  aotaock; 

•)  that  tbaxa  la  a  aaad  to  iofora  othar  Study  Croupa  of  tha  aaiatasasce 
l^laMOtatloB  atrataglaa  that  hava  oaon  appllad  to  apaciflc  aquipcaat 

facBaaaaiatloaat 

1.1  low  ahould  tha  Walataaanra  rhlloaophy  ba  iaplaaaocad  In  digital  natvorfca 
aad  coatdlaatad  with  tha  work  of  othar  Study  CroupaT 

Tha  foUowlxd  apacific  pointa  raqulra  atudy: 

1}  What  ara  tha  aaintananca  paraaatara,  chair  liailta,  aaaauroaant  aathoda 
aad  Chair  ralatlonahip  to  aacwork  patfotaaacoT 

11)  low  CO  aaanra  parfomaaca  coapatlbllicy  for  chraaholda  aad  oparata 

Claaa  anaac  aacwlea  alaraa,  aalataaaaca  alaraa  aad  ptotactioa  awltchl^T 


111)  What  eonaidaratlona  ahould  gowara  tha  location  aad  daaiga  of  aaaauriag 
aquipaaac  to  faclllcato  ovarall  aacwork  aaiacaaaaca  ud  oparacioe? 


1«)  Ubat  apacific  aacwork  aurvaillaaca  capablUCy  ahould  ba  aada  aMllabla 
for  aacwork  oparacioa  aad  aaaagaaaac? 

a)  What  furthar  eonaidaratlona  ahould  ba  glvcB  to  tha  l^laaaacation  of 
tha  pclnciplM  of  aaiacaoaaco  anticiea  aad/or  aub-aatitlaa? 

■ocaj^:  SacoMaadationa  for  aaaturlas  actuipaenca  not  ia  tha 

digital  aqulpawat  wlU  ba  aada  by  Study  Croup  XV,  caklag  iato 
account  the  raaulca  achiavad  by  Study  Croup  XVltl  lahUa  >»■<- 
Quaatioii. 

■ote_2:  At  aoaa  fucura  data  auch  of  tha  datailad  work  tador  thin 

Option  ahould  ba  taidartakaa  by  otiar  Study  Croups  (a.g.  IV, 

VII«  XI)  although  this  any  not  ba  approprlata  at  tha  prosaat  tiaa. 


SutsTIOIi  -  Intervorking  bev-ess  digital  systet^  based  on 

{Continuation  of  Question  studied  in  1077-1960) 

What  erasures  are  required  and  what  recotsendatiens  have  to  be  imae 
sr.able  interworking  between  digital  systeas  based  on  different  standards  ? 


The  following  specific  points  require  study  : 

Point  a)  -  Conversion  between  different  encoding  laws  in  prisary  ?01  snsltinler 
equipr^nt  (as  specified  in  r.ecotutendation  G.711J  taking  into  acco’ont  the  possib 
of  oh  kbit/s  paths  for  signals  other  than  telephony. 

Point  b)  -  Conversion  between  different  frane  stractures  of  pri^ay  PCM  salti  ' 
equipment  (as  specified  in  r.sconnendatisns  G.73Z  and  G.7i3;  and  beiw»*n  hi^»* 
erder  aultipiex  equipsant  as  specified  in  Pesonner.da’.ians  G.Ti2,  C.Ti?  -o 


V 


-  Il6  - 
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Note  2  :  In  undertaking  this  study,  there  are  r.any  detailed  questi-ns  which  rust 
addressed  (see  Annex  l).  The  results  of  th  studies  undertaker,  i.r  t.ne  l'577"i-PC' 
study  period  should  be  considered  (see  Annexe-  2  and  3).  Close  cooperation  is 
required  with  CCIR  Study  Group  (see  A;ir.ex  1)  and  witn  C-'ITT  S'udy  Iroups  VII, 
XV  and  XVII  (see  Annexes  2  and  h>. 

Annex 

(to  Question  ll»/XVIII) 

Detailed  Questions  for  further  study 


The  following  list  of  questions  includes  those  raised  in  the  1977-1980  Study 
Period,  since  all  items  were  continued  for  further  study.  New  items  have  also 
been  added;  as  identified  in  that  study  period. 

These  questions  are  based  on  the  satellite  consnunlcatlon  link  layout  on 
Figure  1,  as  well  as  on  the  definitions  of  Type  1  and  Type  II  Satellite 
Systems.  These  system  types  are: 

1.  A  system  wherein  a  15^^  kbit/s  or  a  20b8  kblt/s  signal  is  in  essence 
carried  transparently  to  the  other  end  of  the  satellite  link  without 
processing  of  bits  internal  to  these  bit  streams.  This  type  of  system 
may  not  include  Time  Division  Multiple  Access  (TDMA)  function,  or  it 
may  include  a  TDMA  function  transmitting  CCITT  standard  (e.g.,  Ijl*!* 
or  20148  kbit/s)  signals. 

II.  A  system  wherein  151*1*  kbit/s  and/or  20l*8  kbit/s  signals  are  subjected 
to  processing  demultiplexing  the  primary  multiplex  signals.  The 
multiplex  conversion  function  is  expected  to  be  performed  at  one 
or  both  Direct  Digital  Interface  Equipments  (ddIEs). 

Some  of  the  questions  requite  input  from  other  CCITT  study  groups  and  from  CCIR 
Initial  queries  to  these  groups  were  made  In  1979  (CCITT)  and  1980  (CCIR). 

A.  Questions  relating  to  Type  I  Systems 

1)  Where  should  the  MSC  be  located,  and  why? 

a)  A-law  country-  p-lav  country,  or  either? 

bl  International  exchange  or  earth  station  site? 

ii)  What  is  an  appropriate  MSC  capacity? 

a)  Is  a  2l*-channel  to  30-channel  MSC  (i.e.,  a  single  system  of  each 
Standard)  needed?  If  so,  should  the  remaining  six  channels  in  the 
30-cbannel  system  be  unused? 

b)  What  combinations  of  primary  multiplex  levels  should  be  provided 
(e.g.,  120  channels  representing  four  30-channel  systems  and  five 
2l*-channel  systems)? 
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anv  riOJihisrsii*cr.ical  r-sdsd 


iii*  Wherr  should 
country  ? 


fror.  |j-lav  conversion  oe  nanaiec  ir.  tne  )j-_av: 


a)  In  the  or  externally  ? 

b)  At  the  international  exchange  or  earth  station  site? 

iv)  What  synchronization  requirements  are  to  be  considered  when  using 
the  MSC? 

v)  Should  it  be  possible  to  include  a  digital  speech  interpolation  (DSl) 
function  in  Type  I  systems?  If  so,  where  should  this  function  be 
added?  What  answers  (if  any)  change  as  a  result  of  adding  this 
function? 

B.  Questions  relating  to  Type  II  Systems.  (Answers  may  vary  depending  upon 

particular  Time  Division  Multiple  Access  (TDMA)  plans.) 

i)  Are  there  any  special  multiplex  conversion  problems  when  using  Type  11 
Systems?  If  so,  what  are  these?  Are  Recommendations  required? 

ii)  Should  A-law  to/from  u-law  conversion  be  done  in  the  earth  station 
equipment  or  in  the  international  exchange  in  the  p-law  country? 

iii)  Do  any  special  synchronization  problems  arise  in  the  CCITT  recommended 
systems?  If  so,  what  are  these  problems,  and  how  might  they  be  solved? 

• 

iv)  Should  it  be  possible  to  include  a  digital  speech  interpolation  (DSI) 
function  in  Type  II  systems?  If  bo»  where  should  this  function  be 
added?  What  answers  (if  any)  change  as  a  result  of  adding  this 
function? 


General  questions 

i)  What  signalling  means  will  be  utilized  to  determine  that  particular 
channels  are  carrying  voice,  voiceband  data,  or  digitally  generated 
data  service?  (Note;  this  information  is  needed  wherever  the  A-law 
to/from  p-law  conversion  is  to  take  place,  as  well  as  whenever  other 
special  actions  must  be  taken  -  see  the  next  three  questions.) 

Should  these  signalling  systems  be  either  common  channel  or  channel- 
associated,  or  a  combination?  If  channel  associated,  should  analogue 
(e.g. ,  FCM-encoded  sinusoidal  signeds)  means  be  included? 

ii)  What  other  processing  may  be  needed  for  channels  carrying  voice  services 
in  these  systems  (e.g.,  echo  suppression  or  cancellation)? 

iii)  What  special  measures  may  be  needed  for  channels  carrying  voiceband 
data  services? 

iv)  What  transformations  may  be  needed  for  channels  carrying  digitally 
generated  data  services? 
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v)  What  transformations  may  he  needed  for  channels  carrying  CCITT- 
reconsended  signalling  systems  signals? 

vi)  Will  other  methods  of  encoding  than  standard  A-law  or  p-lav  PCM  be 
utilized  for  voiceband  services  on  satellite  linkc?  If  so,  what 
impact  vlll  these  have  on  the  system  and  on  the  answers  to  other 
questions? 

vli)  What  alarms  and  related  system  Information  should  be  transferred  across 
the  interface?  What  algorithm  should  be  used?  What  action  should  be 
taken  at  the  earth  station  and/or  at  the  international  exchange  with 
alarms  generated  at  the  opposite  end  of  the  link?  (Note:  20t8  kblt/s 
systems  can  transmit  alarms  in  time-slots  0  and  16. ) 

vili)  What  special  maintenance  approaches  are  appropriate  for  the  systems 
postulated?  Should  the  satellite  and  the  two  terrestrial  links  be 
considered  separately  for  ulntenance  purposes? 

ix)  Should  n»6l4  kbit/s  services  be  carried?  If  so,  what  special  problems 
arise  and  how  may  they  be  solved? 

x)  Are  there  known  interworking  incompatibilities  between  any  user 
services  (e.g. «  direct  digital  data)  specified  or  contemplated  for 
the  two  hierarchies?  If  so,  what  are  these  and  how  might  the  in¬ 
compatibilities  be  resolved? 

xl)  Should  31-channel  versions  of  the  20I48  kbit/s  system  (l.e.,  systems 
using  time  slot  16  for  service)  be  considered?  If  so,  what  changes 
suy  be  needed  in  the  answers  to  the  previous  questions? 

xii)  In  some  situations,  a  country  using  one  primary  multiplex  standard  may 
receive  via  satellite  signals  encoded  in  a  fonsat  nonstandard  in  that 
country,  transport  these  signals  (perhaps  at  considerable  distance,  end 
perhaps  through  international  exchanges)  to  a  second  earth  station,  and 
retransmit  these  signals  to  a  third  country  using  the  original  format. 

In  these  situations,  should  recoding  be  allowed?  If  net,  what  arrange¬ 
ments  should  be  considered  for  providing  this  service?  What,  if  any, 
is  the  impact  on  the  answers  to  other  questions? 

xili)  With  some  choices  of  answers  to  the  previous  questions,  a  terrestrial 

link  (Figure  l)  may  either  require  a  20i«8  kbit/s  system  in  a  1$1«1<  kbit/s 
country  (or  vice  versa),  or  require  a  nonstandard  system  (such  as  A-law 
encoding  -  with  zero  suppression  difficulties  -  on  13i<^  kbit/s  facilities). 
Should  such  facilities  be  allowed?  If  so,  how  should  they  be  specified? 

Should  they  be  standardised  for  terrestrial  link  use? 

Note  :  Answering  some  of  these  Questions  requires  interaction  with  CCIR.  To  further 
this  process,  a  communication  was  sent  from  CCITT  Study  Group  XVIII  to  CCIR  Study  Group  U 
at  the  end  of  the  1977-1900  study  period.  The  text  of  this  communication  is  appended 
to  this  Annex. 
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ftor.o  nai.< 


t to  Annex 


Coninuni cation  fron  CCITT  Study  Grotio  to  Stuny_ 


Whereas  CCIR.  at  its  XIVth  Plenary  Assembly  in  Kyoto  1978,  adopted  Opinion  57 
and  Report  707.  with  portions  of  these 

links  involving  the  interv  ^rking  of  countries  using  the  151*1*  and  201.8  kbit/s 
hierarchies,  CCITT  Study  Group  XVIII  asks  CCIH  Study  Croup  1*  : 

1  To  infona  CCITT  Study  Grov^  XVIII  whether  CDIE  equipment  (specified  by 
CCIR;  see  e.g.  Opinion  57)  will  always  include  the  function  of  r^semWing  the 
priwuy  multiple  signal  used  in  the  receiving  couatiy  (as  allied  by  Section  3-1 
Ld  3.2  of- Report  707).  or  whether  there  are  also  contea^ldted 

151*1*  kbit/s  or  a  201.8  kbit/s  signal  is  in  essence  earned  tr^parently  ^hro^  -he 
satellite  link  without  processing  of  hits  internal  to  the  prima^  multiplex  bit 
stre«.  with  multiplex  system  conversion  to  he  performed  by  equipment  specified  by 

CCITT. 

2  To  inform  CCITT  Study  Group  XVIII  whether  digital  speech  interpolation  (KI) 
ftinetions  are  likely  to  be  incorporated  and,  if  so.  whether  the  DSI  faction  «11  he 
incorporated  in  the  direct  digital  interface  equip^snt  (K)IE),  in  equipment  which  wiU 
he  l^ated  on  the  side  of  interface  *A”  (see  CCIH  Opinion  56)  containing  equi^nt 
specified  by  CCITT,  or  on  either  aide  of  interface  "A"  depending  *q»on  the  application. 

3,  To  consider  the  impUcations  of  the  answers  to  p.-ints  1  and  2  re^  to 

the  ultiamte  need  to  specilV  similar  functions  on  both  sides  of  interface  /for 
^ffSerSp^cations  «d.  if  such  a  need  i.  perceived,  to  suggest  mechanisms  whereby 
the  recomm^ations  developed  by  CCIR  and  by  CTITT  be  kept  consistent. 

U  To  inform  CCITT  Study  Group  XVIII  if  any  systeaa  are  postuUted  in  ^ch 

CCIH  specified  equipment  will  modify  the  code  of  PCM-encoded  voice  signals  and.  i*  so. 
o?th^^^tSe  of  the  new  code  «.d  of  any  impairments  expected  to  voice  -ad  voiceb^id 

data  signals. 

5  To  inform  CCITT  Study  Group  XVIII  if  there  is  any  contemplated  difficulty  in 

meeting  the  sUp  performance  for  plesiochronoua  interworki^  “  qj 

RecorniMndation  G.822.  It  is  expected  that,  in  oraer  to  nee.  t.,e  .eq>..re„e...s 
Recosoendation  G.822,  high-accuracy  clocks  in  accordance  with  Recosiaendation  0.811  wi.l 

he  required. 


Study  during  1977-1980  of  interworking  between  two  countries  using  different 
primary  multiplex  standards  concentrated  on  satellite  applications.  Most 
contributions  responded  to  some  portion  of  the  detailed  questions  raised 
by  the  Rapporteur.  In  the  discussion  below,  reference  is 
made  to  the  corresponding  questions  carried  over;  see  Annex. 

Responses  to  the  basic  questions  regarding  location  of  the  A/y  law  converters 
and  of  the  multiplex  system  converters  are  summarited  in  Table  1.  With  re¬ 
gard  to  the  remaining  questions,  the  following  comments  may  be  made: 

Question  A  ii):  Several  contributions  mentioned  Multiplex  System 

Converter  (MSC)  capacity.  The  proposals 
ranged  from  inefficient  2b-30  channel  system  interfaces  (at 
least  for  early  satellite  systems  or  those  witii  small  cross- 
sections)  to  120-channel  (5  *  2b  and  b  *  30)  interfaces,  to 
the  possibility  of  future  higher  cross-section  interfaces. 

Question  A  iv):  The  contributions  suggested  no  special  synchronization  ro~ 

quirements  when  the  countries  connected  utilize  synchronous 
national  networks;  interworking  is  then  plesiochronous.  In 
tlie  ease  wherein  slip  tyi'e  DOIEs  are  employed  in  a  satel¬ 
lite  system  which  is  timed  to  clocks  of  low  accuracy,  higli 
slip  rates  will  probably  result.  A  CCIR  report  described 
general  requirements  on  buffers  associated  with  system  in¬ 
terfaces.  Both  CCIR  and  KDD  mentioned  the  functions  of 
Justification  and  slip-type  DClEs. 

Discussion  on  this  point  emphasized  the 
preference  of  CCITT  Study  Group  XVIII  that 
interworking  between  digital  terrestrial  and  satellite  links 
be  plesiochronous,  using  high  accuracy  clocks  to  provide 
satellite  TDHA  timing.  Some  Administrations  noted  that 
satellite  earth  station  equipments  may  have  difficulty  gain¬ 
ing  access  to  highly  accurate  national  clocks  and  may  not 
be  able  to  afford  their  own  highly  accurate  clocks. 

Question  B  i):  No  particular  problems  with  implexenting  Type  II  systems 

were  identified. 

Question  B  iii)  :  Synchronization  comments  are  similar  to  those  in  Question  A  iv). 

Question  C  i)  :  The  only  substantive  input  regarding  signalling  was  received  from 
Study  Group  XI,  which  indicated  that,  in  accordance  with 
Recommendations  Q.7  and  Q.llO,  CCITT  Signalling  Systems  Nos.  5,  6 
and  7  and  R1  and  R2  can  be  operated  with  circuits  including 
satellite  links.  Of  these,  only  .signalling  systems  Nos.  6  and  7  can 
offer  the  required  additional  signalling  capacity  for  meeting  the 
requirements  imposed  by  alternate  voice  and  data  applications; 
however,  these  additional  functions  do  not  yet  appear  in  the  existing 
Recommendations,  Study  Group  XI  has  proposed  two  Questions 
(Q.2/XI  and  Q.3/XI)  for  addressing  these  issues  for  signalling 
system  N'c.  7  (which  according  to  Hecemmendation  Q.7  is  the  preferred 
system  for  interexchange  signalling  in  the  IDIi  and  ISDN)  in  the 
l?8l-198b  study  period. 
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Study  Group  XVII  also  noted  the  importance  of  providing  a  means  of 
differentiating  between  the  various  types  of  ISDH  services  to  control  telephone 
eujcilliary  equipment  when  interworkinr;  between  ISDNs  based  on  different  PCM/TDM 
standards . 

Question  C  11):  Other  types  of  processing  that  may  be  needed  for  channels 

carrying  voice  systems  have  been  identified,  including: 

-  echo  suppression  or  cancellation 
•  digital  speech  interpolation 

-  inversion  of  bits  3.  5.  7  (J  transformation  of  Figure  1, 
Annex  3):  substitution  of  00000001  for  00000000  (Z  operation 
of  Figure  1,  Annex  3) 

Questions  C  ill)  Other  types  of  processing  that  may  be  needed  for  channels 

and  C  Iv);  carrying  nonvoice  systems  have  been  identified.  Including: 

-  substitution  of  00000001  for  00000000  (Z  operation) 

-  inversion  of  bits  3.  5.  7  (J  trsnsformation ) 

-  inversion  of  all  bits  (I  transforaatlon  of  Figure  1, 

Annex  3)  and/or  inversion  of  bits  3,  5,  7  (J  trans¬ 
formation)  for  CCITT  Signalling  System  Mo.  7 

-  possible  digital  proeaaaing  {SC  VZI  comaent) 

Voiceband  data  and  direct  digital  data  both  may  need 
processing  different  from  voice  and  different  from  each  oth 
Refer  to  Annex  b,  which  identifies  Study  Group  VII  concerns 
and  specific  questions  in  this  area. 

In  addition,  it  was  noted  that  digital  speech  interpolation  equipment, 
if  used,  may  alter  the  emswers  to  some  of  the  questions. 

It  is  clear  that  close  cooperation  is  needed  between  Study  Croups  VII, 
XI,  XVII  and  XVIII  to  allow  progress  in  the  study  of  the  interworking  question. 
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TABLE  1 


Sumary  of  inputs 


Rote  3 
X 


Teleglobe 


Location  of  A/y  converter 

A.  Cou&tiy 

-  y-lair  (per  G.711) 

B.  Site 

~  earth  statioa  X 

-  transit  centre 

-  either 

jjocation  of  ICC 

A.  Country 

-  A-la>» 

-  y-law  X 

-  either  or  both 

B.  Site 

-  earth  station  X 

-  transit  centre 

-  either 

C.  runctional  integration 

-  into  equipment  covered 
by  CCITT 
p.eccmaendations 

-  into  equipment  covered 
by  CCIB 

Recoiasendati  ons 

-  into  equipment  covered 
by  either  CCITT  or 
CCIR  Recommendations 


Rote  1  :  The  MSC  should  be  located  in  the  U-lau  countnr  if  tte  satelUte  system 
a  fully  standard  A-lau.  20«3  kbit/s  signal  as  specified  in 
RecoBsendations  G.711  and  G.732. 


X 

Rote  1* 


Rote  2  :  The  MSC  function  could  be  located  in  either  or  both  entries  if  the  satellite 
sy'st«  transmits  a  signal  net  meeting  the  constraints  of  Rote  1. 

Rote  3  :  The  K'V  converter  could  be  located  in  the  earth  station  if  DSI  equip^nt  is 
also  located  at  the  earth  station. 
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A;i1!-x  3 

(to  Question  l!i/XVIIl) 


Interworking  between 


two  atnnii;irU.^  c^'nsigt'rsniT  voice 


data 


1.  Introduction 


This  Annex  is  sn  exaaple  of  ea  approach  aseting  soae  of  the  interworking 
prableas.  As  such,  it  is  considered  worthy  of  further  study,  along  with  other  possit 
solutions  which  aay  be  proposed.  In  particular,  it  is  iaportant  to  note  that 
Study  Group  XI  has  requested  that  Study  Group  XVIII  search  T'.r  a  solution  to  the 
interworking  problen  which  accoaplishes  all  necessary  transforaations  at  one  location. 

•  *  * 

Ib  the  recainder  of  this  annex,  one  possible  interworking  configuration 
between  an  A-law  country  and  a  u-law  country  is  investigated.  A  new  aethod  with  a 
single  code  conversion  is  introduced  to  solve  the  basic  problem  of  applying  the 
A/u  conversion  to  voice  signals  but  not  to  digital  data  signals,  while  suppressing  the 
consecutive  all-zero  pattern  on  IS^l*  kbit/s  transnission  links. 

2.  Reouireaents 

The  following  iteas  need  to  be  considered  : 

1  For  digital  data  signals,  the  A/u  and  u/A  conversions  must  be  removed,  hecau.-se 
the  conversions  are  not  uniquely  reversible. 

2.  The  all-zero  word  (8  bits)  may  be  inhibited  on  15****  kbit/s  transmission  links. 

3.  The  A/U  converter  may  be  located  in  the  U-law  country  and  its  preferable 
location  is  the  gatew^  switch  (except  in  the  case  that  the  DSI,  which  needs 
voice  channel  identificatlcn ,  would  be  located  at  the  earth  station). 

*t.  The  H5C  (Multiplex  System  converter),  which  imy  be  located  at  the  earth 

station  of  either  the  Arlaw  or  u-law  country,  should  preferably  perforr  tTe 
same  conversion  without  distinguishing  between  voice  and  data. 

5.  Ihe  deficiency  caused  by  the  interworking  shall  be  minimized,  althou^  it  cai 
not  be  avoided  perfectly  because  of  the  all-zero  restriction. 

3.  A/u  converter 


Before  detailed  discussions  the  bit  inversicai  process  related  to  the 
Afl>  conversion  should  be  clarified. 

It  is  understood  that  the  so-called  even  bit  inversion  operation  is  for  puj  f 
descriptive  purposes  in  the  OCm  Reccxmaendations.  It  is  cmly  a  logical  process  witi 
the  Arlaw  codec.  (See  Rote  2  of  Tables  la  and  lb  in  RecoHaendation  C.711,  and  Rote  : 
of  Section  1.1  in  HecoaKndation  G.732.)  Therefore,  it  is  taken  for  granted  in  th 
following  considerations  that  this  even  bit  inversion  is  included  in  the  A./u 
converter  as  an  internal  logic. 
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Feature  :  Introduction  of  the  Z  operation  (by  uhich  the  code  "OOOOCOOC"  is 
replaced  by  "OODOOCX}!**  but  others  are  not  changed)  to  avoid  the  transmission  of 
all-zero  word  on  13^^  kbit/s  transmission  links  and  the  J  operation  (by  which  3rd,  3th 
and  7th  bits  of  each  word  are  inverted)  to  minimize  decoder  distortion.*) 

fionmtents  : 

i)  II  to  A  direction 

There  is  no  problem  if  the  all-zero  word  is  inhibited  on  13^^  kbit/s 

transmission  links  in  the  u~law  country. 

ii)  ’  A  to  II  direction 

Qie  A-law  character  signal  and  one  digital  data  signal  are  subjected  to  the 

following  distortion  : 

-  The  A~law  character  signal  "OOIOIQIO''  (decoder  output  value  number  in 
Arlaw  =•  -128)  is  converted  into  the  code  "OOOOOOOl"  by  the  J  operation 
and  the  Z  operation  at  the  MSC,  and  then  into  the  p-law  character  signal 
"OOOOOOOl"  (decoder  output  value  number  in  p-law  >  -126}  by  the 

J  operation  and  the  A  p  conversion  at  the  gateway  switch  in  the  p-law 
eountty  (see  Table  l). 

-  The  data  signal  "OOCOOOOO"  in  the  A-law  country  is  converted  into 
"OOOOOOOl"  in  the  p-Iaw  country. 

-  BcMever,  this  distortion  does'  not  make  the  matter  worse  since  the  p-law 
character  signal  "00000000"  (decoder  output  value  nuaher  in  p-law  >  -127) 
which  Corresponds  to  the  A-law  character  signal  "OOldOloT'  (decoder 
output  value  niaher  in  A-law  *  -128),  and  the  digital  data  aignal 
"OOOOOOOO"  would  he  inhibited  c»  13Ut  kbit/s  transmissian  links  in  the 
p-law  country  in  aqy  caae. 

In  Figure  1,  the  other  equipment  related  to  interworking  ia  also  described. 
For  instance,  echo  suppressors  should  be  removed  for  voiceband  data  signals  and 
digital  data  aiffials. 
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y-la«  code 

{-12T5  00000000 
(-126)  00000001 


Relaticn  Let  -een  the  c.  ceg 


A~law  code 


(-128)  OOlOlOlC 
(-127)  00101011 


Osde  converted 
with  J  operation 

00000000 
>  00000001 


(  -85)  00101010 
(  -Sk)  00101011 


(  -86)  00000000 
(  -85)  OOOOOCOl 


00101010 

00101011 


{  -3)  01111100 

(  -2)  01111101 

{  -1)  01111110 

(  -0)  01111111 


(  -2)  OiClOlOG 


(  -1)  01010101 


OlilllK 


Olllllll 


(  )  :  Deccder  output  value  nunber  of  each  encoding  law  (see  CCITT  Reconssendation  C.711). 
5.  Data  link  for  CCiTt  Signalling  System  So.  7 


Since  the  tranaiussion  process  of  CCITT  Signalling  Systcft  <0.  7  can  avoid 
long  tero  strings  with  inversion  of  all  bits,  it  was  agreed  in  WcrKing  Party  2  of 
CCnr  Study  Grotq>  3CI  that  for  a  6U  kbit/s  signalling  link  in  the  u-law  country  the 
inversion  should  he  applied;  however,  in  the  A- law  country  it  should  not  be  applied^ 
The  process  for  interworking  between  the  two  countries  was  not  clearly  defined  /  !_/ 

KDO  prtjposes  that  the  inversicn  should  be  applied  in  case  of  interworking 
between  countries  using  different  standards,  and  that  the  inverters  should  be  placed 
at  the  gateway  switches  of  both  countries.  If  so  arranged,  the  ICC  need  not  recognise 
the  signalling  channel  and  this  channel  can  be  handled  as  an  ordinary  data  channel. 

Also  the  all-zero  word  problem  on  15^^  kbit/s  transmissi-o  links  between  the  gatew^ 
switch  in  the  ti-law  country  and  the  ICC  is  solved. 

The  configuration  is  also  shown  cn  rieure  1;  particularly  ocserve  note  b). 
6.  Concluaion 


The  interworking  configuration  described  in  Figure  1  is  proposed  to  meet  the 
interworking  requirements.  A  method  of  interconnecting  signalling  links  for  CCITT 
Signalling  System  Mo.  7  is  also  proposed.  In  this  proposal,  the  tCC  need  not  identify 
whether  voice  or  data  is  carried. 

nia  inaerticB  or  removal  of  bit  operatiooa  is  required  at  the  gateway 
switches  of  both  sides  according  to  the  services.  Bcarever,  this  kind  of  control  is 
aeeessary  anyhow,  a.g.  for  echo  suppressors. 

The  propoaml,  therefore,  is  considered  to  be  worthy  of  further  study  as  a 
possible  soltitioo  to  the  problems  of  interworking  between  two  stwidsrds. 

BIBLIOGRAPHY 

Contribution  Ho.  2U5  (Uorkiag  Party  Xl/2).  (Report  cn  the 
meeting  held  in  Geneva  from  22-26  January,  Part  V, 

Section  2.3) 


1.  CCITT  crai  XVIII 
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(to  Question  It/XVIII) 

Statement  of  Studv  Group  *11  as  regards 
data  croblems  involved  uith  ct  Kbit/s  paths 


During;  the  last  study  period.  Study  Group  VII  nas  identified  four  different 
cases  of  interuorkinr  betueen  data  networks  at  a  rA-.  kbit/s  level  : 

-  an  X.5O  or  X.51  multiplexed  stream; 

a  h3  kbit/s  data  channel  carrieu  in  a  tu  kbit/s  time  slot 
(See  Recoosaendation  X.5O  bis  or  X.bl  bis}; 

-  an  X.75  digital  link; 

-  an  X.60  digital  signalling  link. 

Conforming  to  Draft  Recomseridation  0.72x,  it  might  be  necessary  to  add  to 
existing  X  series  Recommendations  in  the  future.  However,  these  additions  can  only  be 
studied  when  interworking  between  PCM  multiplexes  based  on  different  standards  is 
defined. 

Therefore  Study  Croup  VII  asks  Study  Group  XVIII  to  reply  as  soon  as  possible 
to  Question  lU/XVlII.  In  particular,  a  list  of  important  features  as  regards  digital 
data  is  given  below  : 

-  Will  the  6U  kbit/s  telephone  and  data  paths  he  shared  or  not  ?  If  yes. 

On  which  basis  ? 

-  Will  signalling  links  (X.cO,  X.75,  —  }  be  carried  under  specific  paths  or 
not  ? 


Between  two  6b  kbit/s  accesses,  one  located  in  an  A-law  country  and  the 
other  in  a  w-law  country,  will  the  61  kbit/s  bit  stream  be  altered  cr  not  " 


studied 


{continuation  of  Q’-sstion  6’XVIIi, 
Considering 


in  1977-1980) 


(a)  That  Intarface  apaciflcaclona  are  oeccaaary  to  Interconnect 
digital  aatwork  coaponanta  (line  aectiona,  aultiplaz 
aqulpaant)  to  fon  an  intamational  digital  path. 

(b)  tbac  ictnmatloaal  digital  paths  can  be  intercoonected  through 
digital  awitching  aquipaant  and  tecainated  in  digital  tarainal 
aquipaant  to  fora  an  lataraational  digital  connection* 

(c)  That  an  intarnatlonal  digital  path  and  an  international  digital 
coanaecion  provida  for  tha  tranaaisaion  of  a  digital  signal 
(bite)  at  a  apaclfl^  hiararchical  bit  rate,  Indapaodant  of  the 
sanrica  carried  hj  tha  digital  signal. 

(d)  Thac  to  aaaura  tte  iatarconnaccion  of  network  coaponanta  for 

traaaBlasiea  of  digital  signala  (bits)  it  is  auffielant  to 
spaeify  pbpaleal.  faaetional  and  alactrical  charactarlstles  of 
tha  iatarfaca* 

(a)  That  aapaeta  of  digital  iatarfacaa  ralatlag  to  tho  cMtnt 

(o.g.,  ai^alUag  protocola}  of  tha  digital  algaal .  traa^ittad 
awar  tlM  Iatarfaca  ara  daalt  with  la  othar  Qoaatlcaa  of  SCmil 
or  bf  thoaa  akadir  gcoiq»a  coacamad  with  tha  aaralea  (nrriad  bp 
tha  digital  aig^* 

(f)  That  lacoawaiatloe  C*703  apccifias  digital  iatarfacaa  for 
iacarcoaaMtlM  of  digital  aatwork  esapoaonta  at  hiararchical 
bit  tataa  aaly* 

(g)  That  iatarfacaa  at  hiararchical  bit  rataa  lor  porpoaas  othar 
Chaa  dlractly  ^oaldiag  tranaalastoe  iotarcoaaacclaa  oa  as 
iatanatloaal  digital  cooMctlMi  (a.g*.  tiaiag  coatrol 
diatrlbtttlee}  aaf  r^uira  spacificatloa. 

(h)  Tint  latoaaandatioa  C.7C3  la  rafarrad  to  la  othar  lacoMend- 
atloaa  oe  liaa  aactlMa  aad  oo  tataiaal,  anltiplax  and 
awltchlag  aqBipaaat. 

(1)  That  iatarfacM  as  aoaHiiafarchlcal  bit  rataa  tiiali  ba 
apacifiad  la  ^  ralatmt  aquipaant  racoMafidatioaa. 

CJ>  That  tha  aaoli^loa  of  digital  tacteslogy  bay  taquira  tte 

apMif  Icatl^  of  hiararchical  lavcla  at  bit  rataa  other  ttese 
apacifiad  «  prMmt  la  lacoaaaBdacloa  -C.TtO. 

(k}  that  far  aoaa  latarfwaa  of  lacoaaindattw  C*703  tha  walwM  for 
Jittar  r^^ira  fcrtbar  atudy  aad  for  othar  iatarfaca  ^  a^ 
far  Jittar  apaciflcatioa  a^  if  eaftcprlata  tlM  aalwaa  for 
Jittar  haws  M  ba  aatabliahad. 
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1.  Should  interfaces  other  than  those  specified  in  Recommendation  G.703  be 
recommended  7 

2,  Vh«C  charactarlstlct  ahould  b«  recomendad  for  the»« 

Intarfacae,  including: 

-  Electrical  charactarlatlca 
*-  Functional  charactarlatlca 
**  Phyalcnl  charactarlatlca 

~  Any  raatrictlona  on  tha  digital  slgnala  croaalng  tna 
inta''fc.-'.a> 

3>  For  Intarfacaa  praaantly  quotad  In  Lscomandation  G.703: 

-  Is  there  a  need  for  additional  specifications  for  jitter  and  vander  7 

-  If  BO.  what  values  should  be  specified  7 

What  is  the  impact  that  new  transmission  media  (e.g.  optical  fibres)  will 
have  on  interfaces  7 

QUESTION  16/XVIII  -  Performance  characteristics  of  PCM  channels  at 
audio  frequencies 

(Continuation  of  part  of  Question  8/XVIlI,  studied  in  1977”19BO) 

Considering 

-  that  some  specification  items  in  the  Recommendations  G.711  and  G.712  need 
to  be  completed; 

-  that  within  a  widespread  digital  network,  it  is  envisaged  that  a  telephony 
connection  will  ultimately  require  only  a  single  encoding/decoding  process  for  earh 
direction  of  transmission; 

-  that  independent  encoder  and  decoder  will  be  incorporated  in  each  telephony 
connection  and  thus,  separate  transmit  and  receive  side  specifications  at  audio 
frequencies  are  needed; 

-  that  for  application  in  local  area  or  with  digital  exchanges,  provision 
for  2“wire  analogue  interface  should  also  be  considered; 

a)  What  modifications  to  existing  Recommendations  G.711  and  G.712  should  be 
made  7  For  exao^ile,  the  value  for  longitudinal  balance  should  be  studied  and 
specified.  Also  the  necessity  fer  the  digital  sequence  for  reference  frequency  and 
the  necessity  for  high  pass  filtering  in  analogue  to  aigital  converters  should  be 
studied. 

b)  What  are  the  values  and  limits  to  be  specified  for  the  audio  frequency 
performance  characteristics  of  PCM  channels  measured  at  the  2-wire  point  7 


c)  What  are  the  values  and  limits  to  be  specified  for  the  per.|‘ormance 

characteristics  of  PCM  channels  at  audio  frequencies  when  the  transmit  side  and  receive 
side  are  measured  separately  7 

{jote  1  :  The  measuring  method  for  longitudinal  balance  is  under  study  in  Study  Group  I\ 
Study  Group  XVI  is  also  studying  this  matter. 

Note  2  :  With  respect  to  the  digital  sequence  for  reference  frequency, 

Recommendation  0.101  should  also  be  considered. 
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Annex  1 


(to  Question  l6/>rVTIl) 
Longitudinal  balance  specifications 


The  item  contained  in  paragraph  !*,3  of  Recommendation  G.712  (longitudinal 
balainoe)  was  discussed  taking  note  of  COM  XVIII-No.  77  (FRG)  and  COM  XVIII-Ro.  271 
(Canada-ENR) .  These  two  Contributions  are  appended  to  this  Annex. 

Study  Group  r/III  identified  the  urgent  need  to  determine  the  values  for 
longitudinal  balance  as  well  as  the  corresponding  measuring  method.  Although 
Study  Group  IV  is  aware  that  a  figure  for  longitudinal  balance  can  onljt  be  given  if 
the  corresponding  measuring  method  is  clearly  defined,  a  specification  for  the 
measuring  method  does  not  exist  as  yet.  For  this  reason,  it  is  proposed  that 
Study  Group  IV  should  pick  up  this  matter  during  the  next  study  period  and  prepare  a 
Recommendation  concerning  the  measuring  method  of  longitudinal  balance  on  equipment 
inputs  and  outputs. 

In  view  of  this  situation,  it  seems  not  to  be  advisable  to  complete 
paragraph  U.3  of  Recommendation  G.712  still  during  the  current  study  period. 


Appendix  1 

(to  Annex  1  to  Question  I6/XVIII) 

Amendment  of  Recommendation  G.712  :  Specification  of  impedance  unbalance 
(Contribution  from  the  Federal  Republic  of  Germany) 


1 .  Background 

Item  U.3  in  Recommendation  G.712  is  designated  since  1972  as  being  "under 
study".  However,  no  contribution  has  since  been  presented.  Nevertheless  it  is 
desirable  to  complete  G.712  in  this  resi>ect. 

2.  Proposal  for  item  U.3  in  Recommendation  G.712 

"U.3  Impedance  balemce  ratio 

The  impedance  balance  ratio,  measured  by  means  of  the  circuit  defined  in 
Recommendation  0.121,  Fig.  1,  should  not  be  less  than  U6  dB  in  the  range  300  to 
3UOO  Hz." 


3.  Remarks 

3.1  Terminology 

The  term  "longitudinal  balance",  so  far  employed  in  Recommendation  G.712,  is 
rarely  used  in  CCITT  publications.  Instead,  "impedance  balance  ratio"  is  used  in 
Recommendation  0.121.  Other  terms  Sire  employed  elsewhere.  An  ad  hoc  Working  Party 
of  Study  Group  V  and  Study  Group  XVI  (London,  December  1975)  has  proposed  a  set  of 
new  terms  in  respect  of  unbalance  (cf.  Doc.  COM  XVI-No.  7)  the  discussion  of  which  in 
Study  Groups  V  and  XVI  is  not  concluded. 


(22) 
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3.2  Practical  usefulness 


The  method  prescribed  in  Recommendation  0.121  is  veil  established  and  is 
used  in  existing  commercial  measuring  equipment.  The  lEC  recommends  the  same  method 
for  impedance  unbalance  measurements  in  the  field  of  electro-acoustics 
(lEC  Publ.  268-3). 

3.3  numerical  value 


With  respect  to  possible  cross  Ik  due  to  impedance  unbalance,  the  values 
of  unbwj.ance  of  connecting  cables  in  a  stacion  are  of  more  importance  than  those  of 
t-he  audio-frequency  terminals  of  a  PCM  multiplex  equipment.  Accordingly,  for  the 
latter,  a  value  of  1*6  dB,  as  stated  in  Recommendations  K.IO  and  Q.l*5,  will  be 
sufficient.  It  does  not  seem  necessary  to  relax  the  requiraaent  in  the  range  300  to60C 
Hz  as  in  Recommendations  K.IO  and  Q.l»5  since  G.712  relates  to  four-wire  ports  where 
problems  with  feed  coils  do  not  eu'ise. 


Appendix  2 

(to  Annex  1  to  Question  16/XYIII) 


Proposal  for  longitudinal  balance  specifications  for  inclusion  in  Recommendation  0.712 
(Contribution  from  Canada  :  Bell  Northern  Research) 


Abstract 


Dila  coatrlbution  proposes  a  sat  of  values  and  Che  associated  test  n  od 
for  lon$ltudlosl  bslsncs  for  Inclusion  in  Bscoaassndstlon  G»712> 


Int  r  eduction 


In  Cha  prallainary  reply  to  Question  9/XVXII  (COM  XVIXl-Mo>234,  Period 
1977-1980)  Working  Percy  ZVIII/2  accessed  che  need  Co  coaplece  RecosoendaCion  C.712 
during  Che  currenc  seudy  period.  One  of  che  Icems  presencly  under  scudy  In 
Bscoamendeclon  G,712  la  longlcudlnal  balance, 

Maasursmencs  of  longlcudlnal  balance.  In  parciculsr,  depend  on  che  test 
sachod  used.  This  ccacclbuClon  Cherefore  proposes  a  sec  of  values  and  che  assoc laced 
CssC  Bcchod  for  longlCudinsl  balance  for  Inclusion  In  RecoenendaCion  G,712, 

2,  Tssc  Mcchod 


In  che  paac,  several  Cesc  methods  for  longitudinal  balance  measurements 
have  been  used  In  Canada  and  <alaswhere  In  North  America, 

In  an  actcspc  Co  re^ch  agreement  on  a  single  method  of  testing  longitudinal 
balance  "IEEE  STANOAJU)  4SS-1976"  was  developed.  This  standard  describes  che  cesc 
procedure  for  measuring  longlcudlnal  balance  of  telephone  equipment  operating  in  the 
voice  band  and  la  gaining  wide  acceptance  In  Canada,  Compexaclve  tests  of 
longlcudlnal  balance  on  various  aevices  with  four  teat  secs  constructed  independently 
according  to  che  IEEE  Standard  demonstrated  the  reproducibility  of  Tnessuroraenf *1  ^r.H 
were  subatcted  to  CCITT  (COM  XVI-No.73,  Bell-Northern  Research  Period  197?-1976j. 
CCITT  Scudy  Group  V  la  also  considering  at  present  the  merits  of  che  IEEE  Standard 
(COM  V-N0.22,  COM  XVI-N0.43,  Period  1977-1980). 
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Figure  1  ehowi  the  te«t  clrcuite  for  aeaeurlng  longitudinal  balance 
according  to  the  IEEE  standard.  The  degree  of  longitudinal  balance-  the  ratio  of  the 
diaturbing  longitudinal  voltage  Va  and  the  resulting  ■atallic. voltage  V®  of  the 
network  under  test,  ezprcaaed  In  dB.-  is: 


Longitudinal-balance 


20  log^, 


V. 


[dB] 


We  propose  to  use  the  teat  aethod  described  In  "IEEE  STAKDASO  455-1976"  and 
as  shown  In  Figure  1  when  aessurfng  longitudinal  bslsncs  of  fCM  aultlplcx  equipatne. 


3.  Longitudinal  Balance  Bequlreaents 

Figure  2  shows  one  teat  aethod  which  has  been  widely  used  In  Canada  and 
elsewhere  in  Worth  Aaerlca  In  the  past.  Other  test  aethods  ware  also  used. 

Longitudinal  balance  for  the  test  aethod  shown  in  Figure  2  was  expressed  as 

Longitudinal  balance  -  20  log^^l^i  [dB]  and 

alniauB  longitudinal  balance  requlraaeots  for  the  4-wlre  ports  of  FCM  aultlplcx 
equlpaent  were: 

200  Hz  86  dB 

1000  Hz  80  dB 

3000  Hz  78  dB 

PCM  aultlplcx  equlpaent  designed  and  aanufactured  nesting  these  raqulfmants  is 
operating  satisfactorily  in  ths  network  today. 

Taking  thsse  existing  requlrsncnts  as  s  base,  conversion  factors  had  to  be 
derived  to  detsmlne  equivalent  longitudinal  balance  ceqairaaaacs  for  use  with  the 
proposed  test  aethod  of  Figure  1. 

Theoretical  analysis  and  aeaeurea^ta  ccnnucteA  Bellr-Scrthem  Basearch 
show  that  for  all  practical  purpoass  a  conversion  factor  of  0  dL  '.an  be  used  over  the 
voice  frequency  band  as  long  as  the  locsltndlnal  tapedance  of  the  test  speclaen 
exceeds  30  k  ohas.  Since  4-W  ports  cf  FCH  aultlplec  equlpaent  g;.n:arally  have  a 
longitudinal  iapedance  In  ths  order  of  ICO  k  ohas  a  0  dB  converaioa  tactor  can  be 
tued. 


Therefore,  we  propose  to  Inclmle  the  follow.i.ag  longitudinal  balance 
requlreaents  for  the  4-W  ports  into  Eac<SS?u<i>tlon  6.712; 

Frequency  [Bz]  Mlnlaua  Longitudinal  balance  [dB] 


200 

1000 

3000 


86  dB 
80  dB 
78  dB 
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*.  Prcpoaal  for  Inclualon  in  Reco— adatlon  G*712 


Suanarltlng  the  considerations  under  Itensl,  2  and  3,  we  propose  to  amend 
Recoamendatlon  G.712  as  follows: 


Rec«G.712,  Item  1,  Third  Paragraph 
Amend  the  third  paragraph  to  read: 

'The  values  and  limits  specified  are  chose  which  should  be  obtained  in 

measuraienta  using  two  PCM  multiplex  terminal  equipments  connected 
back~to— back  (except  for  5*3  below)  and  with  the  input  and  output  ports  of 
the  channels  terminated  with  their  nominal  Impedance  (except  for  4.3 
below).'  - ^ - 


4.2  tac.C.712.  Item  4.3 


Delete  'Dader  study'.  Insert  the  following  text: 

Longitudinal  balance  should  be  measured  in  accordance  with  the  driving  test 
circuit  and  the  tatmlnatlng  test  circuit  shown  in  Figure  1  of  Annex  2 


Longitudinal  balance  la  defined  aa 

I  m 

The  alalmum  longitudinal  balance  should  be: 


200  Ux  86  dB 
1000  Hz  80  dB 
3000  Hz  78  dB 


4.3  Bsc. G.712,  Hew  Annex  2 


AMMEX  2 

(to  Xacommendation  G.712) 

Test  Circuit  for  Longitudinal  Balance  Measurements 

Figure  1  shows  the  standard  driving  and  standard  terminating  test  circuits 
for  longitudinal  balance  aeasureaents.  Mominal  Impedance  values  ace: 


Z  Zj,  Z  Z^  368  ohms 

Z  j  2000  ohms 

Z_  736  ohms 

A  full  description  of  the  test  procedure  for  measuring  longitudinal  balance 
of  telephone  equipment  operating  in  the  voice  band  is  given  in  'IEEE  STANDARD 
455-1976'. 


!  V 

— 

1 

1 

— 1  I - 

1 

Test 

_ L 

1 

1 

specimen 

\22; 


(a)  Standard  driving  test  circuit  for  measurement  of  single 
port  and  two  port  networks. 


eemim.t  j 
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Annex  2 

(to  Question  16/XVIII) 

Study  Group  XV  (Geneva  Meeting,  25  Jtine-13  July  1979)  extract  froa 
the  Report  of  the  Working  Party  on  Echo  Suppressors 
(Contribution  COM  XV-Mo.  32U) 

"The  Echo  Suppressor  Working  Party  took  note  of  the  extract  from  the 
preliminary  report  to  Question  17/XVIII  and  of  the  extract  of  preliminary  reply  to 
Question  1/XVIII  and  the  need  for  disabling  of  an  echo  suppressor  or  canceller  when 
used  in  an  integrated  services  digital  network.  Present  designs  of  echo  suppressors 
and  cancellers  include  an  external  enable/disable  control  but  do  not  presently 
recognize  a  signal  which  indicates  bit  integraty  is  required.  Further  information  will 
be  required -by  Study  Group  XV  before  such  disablers  can  be  designed. 

Study  Group  XVIII  is  further  advised  that  Recommendation  G.71?  (Figure  1/G.712) 
does  note  require  the  use  of  high  pass  filtering  in  A/D  conventers  how  frequency 
interference  from  power  supplies  is  therefore  not  attenuated.  This  makes  it  necessary 
for  any  following  digital  equipment  (particularly  those  using  speech  detectors)  to 
provide  high  pass  filtering.  Study  Group  XVIII  are  asked  to  consider  the  possibility 
of  prj*oviding  appropriate  high  pass  filtering  in  A/D  conventers  recommended  in  G.T12 
having  due  regard  to  the  toted  system  economics". 


(to  Question  16/XVIII) 

A  proposal  for  specifications  on  terformance  characteristics 
of  2-vire  PCM  channels  at  audio  frequencies 

(Contribution  from  Nippon  Telegraph  and  Telephone  Public  Corporation) 


1.  Introduction 

CCITT  Ree.  G.712  specifies  perfornsnce  characteristics  only  for  A-wire 
PCM  channels  at  audio  frequencies.  It  should  be  noted,  however,  that  PCM 
Bultiplex  equipaants  with  Z-wire  PCM  channels  have  been  widely  used  for  Crans- 
■ission  between  Z-wire  analog  exchanges,  or  for  pair  gain  systeas  in  local 
areas,  and  will  be  used  for  digital  local  exchanges.  CCITT  Study  Croup  XI 
is  preparing  Che  draft  recoaaendacions  for  digital  transit  and  local  exchanges 
,  where  Z-wire  analog  interfaces  as  well  as  4-wire  analog  interfaces  are 
involved. 

NTT  is  of  the  opinion  that  Study  Croup  XVIII  should  study  the  perfonsance 
characteristics  of  Z-wire  PCM  channels  at  audio  frequencies,  and  specify  the 
values  and  liwics  as  soon  as  possible  in  order  to  avoid  the  diversification 
of  the  specification  for  2-wire  PCM  multiplex  equipments. 

This  contribution  proposes  performance  characteristics  of  2-wire  PCM 
channels  as  a  base  for  the  study  in  the  1981-1984  study  period. 
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2.  Propoaed  apecificactona  for  2-«ire  PCM  channela  ae  audio  frequenciea 

A  trana«iaaion  path  A-B  aho«m  in  PICOU  1  ia  defined  aa  a  2-irire  PCM 
channel.  The  valuea  and  Haita  to  be  apecified  are  thoae  ahich  ahould  be 
obtained  in  2-wire  aeaaureaenCa  uainf  two  PCM  aultiplea  equipaenta  with 
2-wire  PCM  channela  back-to-back  and  with  input  and  out^t  porta  of  the 
channela  terainated  with  their  noainal  iapcdance. 

Further  atudp  ia  required  for  the  aeparate  apecificationa  of  the  aend 
and  the  recciwe  aidea  of  2-wirc  PCM  channela. 

2.1  Atteottaci-.a/fre4uanejr  diatortion  (CorreapondioK  to  Sec.2/C.712) 

The  wariatioaa  with  fraquencp  of  attenuation  of  any  channel  ahould  lie 
within  the  liaita  ahown  in  the  aeak  of  FICDBZ  2. 

The  reference  fre^uencp  ia  MO  Be.  The  input  power  lewel  ahould  be 
0  dIaO. 

2.2  letum  loaa  (Correaponding  to  Sec.A.2/C.712) 

liie  departure  froa  the  noainal  value,  aeaaured  aa  return  loaa  against 
the  noainal  value,  ahould  not  he  leee  than  12  dl  over  the  frcguencp  range  300 
to  BOO  Be  md  less  than  IS  dl  over  600  to  3400  Be. 

2.3  toagitudinal  halanee  (Corresponding  to  Sac.4.3/e.712) 

Further  otwdF  io  needed. 

Betel  Leegicndinel  halence  for  2-wire  FOf  cdiemelo  aust  be  opecificd. 
Bee.Q.45  aep  be  referred  to. 

2.4  Btekilitp  and  edM  tnea  (Mew  Iteae  for  2-wire  FOt  chaneale) 

f iace  n  2-wlre  KM  anltiple*  eguipaent  coataine  ^brid  circnita  for 
eaavarsioa  baMnea  a-«ira  and  4<-wira,tlia  traneaieaiaa  laas  of  tha  path  T-4-9 
ehoun  in  IteOtt  I  fraa  tho  point  of  vlow.of  atdbilitp  aad  of  o^  ahould 
be  apecified. 

It  should  be  noted,  however,  that  the  lose  of  the  path  T-A-0  depends 
on  the  loases  of  the  peda,  X  and  Y  and  the  charecterietica  of  the  bandpeea 
filters  shown  in  FICOIE  1.  Since  the  valuea  of  the  loaaes  due  to  these 
circuits  are  left  to  Adainiatrationa  involved,  the  balance  return  loan 
coapooent  of  the  total  loaa  for  the  path  T— A— D,  defined  in  Bee.  C.122  any 
be  a  possible  specification  for  the  stability  and  the  echo  reauireaents- 

Tl«  aeasuring  aethod  as  well  as  the  values  for  the  balance  return  loaa 
and  the  echo  balance  return  loss  ahould  be  further  studied  aad  apecified. 

2.5  OiscriainaCion  against  out-of-hand  input  tignala  (Correaponding  to  Sec. 6 
/C.712) 

tec.  G.712  Sec. 6  apecifiee  the  loaa  in  the  range  4.6-72  kH*.  For  2-wiTe 
PCM  channels,  it  aught  be  necesaary  to  specify  the  loaa  arround  50  Hr  in 
order  to  discrininate  the  interference  ftow  power  cables,  further  study  is 
required. 

2.6  Co-to-retum  crosstalk  (Corresponding  to  Sec. 13/C. 712) 

Since  it  is  difficult  to  neasure  go-to-retum  crosstalk  for  2-wire  PCM 
channels,  this  itew  is  left  unspecified. 

2.7  Other  itMS 

For  itews  other  than  those  presented  above,  the  ssm  specifications  as 
those  reconwended  in  Rec.  G.712  for  4-wire  PCM  channels  should  basically  be 
applied  to  2-wire  PCM  channels. 

3.  Conclusion 

RTT  proposes  that  Rec.  G.712  should  involve  perforwsnce  characteristics 
of  not  «»ly  4-wire  PCM  channels,  but  also  2-wire  PCM  channels.  The  values 
and  liuits  presented  above  are  proposed  as  a  base  for  further  study. 
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m  ttm  «Minlalit;jr  of  bavias  r  iqmiui  Ximta  tut  mama 
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ta  to  »  liaita  apaally  for  the  aeod  aai  receire  aidea. 
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Acliah  aad  Hraarh  wsioaa  of  the  eecood  aab-paraaraph  of  perayipb  1  of  C.712.  It 
aaa  apraad  that  the  apirit  of  the  Puliah  waraioa  ehculd  be  foliowed  and  ttet  tbe  limits 
ha  ha  ilarlMrt  abmilil  aot  iarliida  a  aargia  to  take  accouat  of  tbe  aeaauraaect 
laarriirar  j  nt  teat  avai^aat.  loaaeer,  aarfnraance  liaita  aho^d  be  aet  in  all  cases 
asking  dee  alloaaae--  for  aay  iwiccurs>-y  ia  the  teatiug  technique::. 

ne  tutiact  Aaarh  traaelafioa  of  Ue  Agli^  Te^ion  ia  as  follows  : 

*Les  liaitea  de  quality  -  -  -  -  tous  lea  cas,  aauf  m  cas  d'iata-eeisioa 
teenfiielle  dea  aethodcs  de  i^eaure  appli 
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Tentative  values  for 


On  ttie  basis  tbat  the  liaits  vould  be  open  tc  Tuture  aeenasent,  it  vas 
a^eea  that  tentative  values  sl»uld  be  proposed  for  soae  of  tie  paraaeters  that 
reitairc  separate  specifioaticsi.  Zt  was  felt  b^r  delegates  that  if  cui^iers  exist  then 
this  will  encourage  people  to  carry  out  aeasuraaenta  and  further  stuoies  in  order  to 
deteraine  whether  the  liaits  are  feasible  and  realistic - 

In  proposing  valdcs.  the  basic  ceacepis  of  a  stamlard  sand  side  asd  a  standard 
receive  analyser  were  accepted,  the  definitions  of  hypothetical  devices  are  as 
follows  : 


a)  A  standard  se^  side  is  a  hypothetical  device  idiich  is  absolutely  ideal, 
i.e.,  a  perfect  analogue  digital  converter  preceded  by  an  ideal  low  pass  filter  (assuaed 
to  have  no  fre^ency  atteiwatlon  distortion  and  no  mvclope  delay  distmUon)  (u*  it  is 

a  digital  processor  idii^  slnulates  the  above. 

b)  A  standard  receive  analyser  is  a  hjrpothetical  device  which  is  either  a 
standard  receive  channel  that  is  stool utrljf  iteel.  ie  a  perfect  digital  to  aaalogua 
converter  followed  by  an  ideal  low  paas  filter  (ssrutd  to  have  no  frcquCKy 
attenuation  distortion  and  no  envelope  delay  distortion)  on  it  is  n  digital  processor 
.whi^  siaulates  the  above. 


In  practice  it  is  esvisa^d  that  t*mt  equipaeiit  baaed  on  tbeae  coDceptot 
will  bee  one  available.  Altbowgb  mcfa  ^^pnents  nigbt  not  to  perfect  tb^  abould 
have  adequate  accuracy. 


i)  Attenuatioa  - 


distortion 


laeb  of  the  lisiits  fbr  tbe  i 

e.Tl2  liait. 

rtwent.  :  this  reflects  tbe 
of  Working  Party  :CvIII/2. 


receive  ai£ea  ^onld  be  half  of  the 


■lTee<r 


at  the  last  sMetiiai 


Each  of  the  Halts  for  tbe  sand  and  receive  sides  should  to  half  of  tba 
G.712  liait.  In  addition,  tba  tgipM'  Uidts  for  tte  value  of  tbe  alniaito  sroup 
propagation  delay  should  to  balf  of  the  G.?12  liait. 

CoMest  :  scae  delegates  'rspraaed  about  tbe  feasibility  of  carrying 

out  such  aeasuren-wta  is  practice  but  at  least  this  req^ramt  abould  be  considered 
as  a  design  s^jective.  (bie  dele^te  suggested  ttat  the  ^esence  of  s  bun  rejection 
filter  only  on  the  tend  side  of  stoe  equipacflt  ai^t  aea  that  aore  than  balf  of  tbe 
overall  liait  should  to  allocated  to  the  send  side. 

With  regard  to  the  liaits  for  the  alnlwin  groi^  propagation  daisy,  soac 
delegates  considered  that  a  slightly  larger  allowance  ^wuld  apply  to  the  encoding 
function  because,  for  exaaole.  it  wtold  seen  reas>nable  tor  a  single  channsl  meoder 
to  take  tqi  to  12S  i*s  to  produce  an  output  s^e  In  the  decoder,  the  reconstructed 

output  Is  available  alaost  ianedlately  after  tbe  appUeattm  of  the  li^t  code  wco-d. 
Even  with  100  S  saaple  and  hold  the  contoquential  delay  Is  only  &2.S  ws.  It  aight  to 
appropriate  to  allocate  the  separate  liaits  by  applying  the  foHowiiv  equation  • 

a-  •  125  •  62-5  =  G.T12  liait 
where  F  is  the  delay  of  the  r’utcrs. 


(22)  ' 


iii)  of  rel»tiocs!»i?  betvega  gneodisa  I-v  sni  »-«*is  1 

Sii-i  acmncir  of  each  of  the  sc=d  acd  receiTc  sidn  should  he  -  0.3  dS. 

Oomtst  :  this  i*  the  ease  re^uireahst  that  alreadv  esists  is  0.712 
feracraih  if. 

iv)  aort  aad  •»««»  tei»  atahllity 


Mch  of  the  ecad  aad  reccirc  limits  shtu^ld  he  half  of  the  0.712  lixits 


*J  ^tal  diatojtioB  laeladiy^  yjlftieice  distortieg 
hathad  1  —  Boiae 

The  folloalhs  Uaite  va  based  upoe  calculations  of  «iiat  separate  Halts 
are  raquirad  to  ^KMtoe  the  0.712  oeerall  perffraanra  for  tar  eghbiiation  of  seed 


ruBi:  2 

Biasal  to  total  djatortien  as  a  fUcctioa  of  ispet 
loeal  (d8)  -  Method  1 
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-55 
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15.0 

Bote  :  the  aask  is  eeaatmctad  hr  iatezcoasectisB  the  ^ists  straight  lises. 

■ethoB  2  -  siM  iMsa 


tbm  follfliriaB  Halts  w  based  upon  calculati<^  of  w^t  separate  llslts  are 
requlrad  to  gmrmtmm  the  ft.712  oserall  perforaei.ce  T«-  ccahiaatioe  of  and 
receive  aides.  Be 
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»ate  :  Tfce  auk  is  ci^a)^rac^fe£  tor  istercassecriss  t&s  poiats  Isg  ttrai^A  liass. 

riTi‘»it.  :  t!%  Hsits  sbore  is  Tables  2  a^  3  are  extracts  ^rsc  the 
Delasei  Ccatrit^ies  31  exeept  for  s=ae  of  sbe  salnea  a^sts  is  table  3  i^cb  are 
exsracsed  fit*  Coatribaticst  CCM  mil-fc.  252. 

Tbor  are  all  bas^  ca  salcalatioaa  ts  daseradse  i*sb  arpari^  aesd  ai^ 
r^eise  perfsxwacea  are  repaired  is  ss  gsaraatee  tbas  for  caaisisasios  of 

sesS  as>'  receive  si^N*,  %be  existiac  overall  lixita  c!*taise«l  is  C.712  are  al«ars 
for  aajr  ispst  level.  Tbe  overall  liais  is  a^orticueti  co  a  2  :  1  ^tesis  is  favour  of 
sbe  sesd  side,  tbe  lixits  so  derived  leave  Utbie  axasifactsiris^  aarsis  acd  all 
delt^tes  agreed  that  tbese  vmlse:  xi^t  sat  be  ai^eml^e.  %»rrrer.  it  vas  agreed 
tbat  tber  s&osld  fora  tte  baais  for  fortter  sti^. 

Tbe  Jkasex  of  Selajred  Otatribatisa  U  is  a  tbeoretical  «xl^is  of  tbe  above 
asd  it  is  Teprcd:^ed  as  Appesdiz  1  ts  tbis  Separt. 

Tor  tbe  tbeoretical  l*cxgrs^d  to  tl^  Italic  refeseat-e  cas  be 

ade  to  :- 

AITA  So.  2  SoJ;*e  HI*  -  1975.  pages  5T-bS.  titled 

traasaittii^  asd  receive  e^s  of  FQi  slti^ex^s* 

br  C.O.  Capeccbiacci  asd  A.!!.  Iksliswri. 

Tbese  tMO  referKsces  SMoid  be  sts^l^  to  deci^  lAiA  asKX^tiKrs  are 
acre  valid  becasse  tbsre  are  s^e  dlfferesces  sesteb  c«sld  wt  be  resal^^. 
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Vi)  Idle  channel  noise 


Figure  1  3tiow3  the  measuring  arrangements  together  with  a  summary  or  tne 
various  proposals.  In  comparing  the  proposals  for  the  send  sides,  the  only  difference 
is  the  limits.  For  the  receive  side,  some  delegates  considered  it  necessary  to 
introduce  the  signal  shown  as  XI  which,  in  effect,  -is  a  test  to  ensure  that  the  deoooer 
quantum  step  sizes  are  not  excessively  large.  -  Other  delegates  considered  that  tnis 
extra  complexity  was  not  necessary  since  other  requirements,  such  as  quantizing 
distortion  and  linearity,  ensure  that  the  quantum  step  sizes  are  reasonably  precise. 
‘Hils  point  requires  further  study. 


17*1  (UXPO) 

252  duly) 

28k  (France) 
29k  (FRG) 

BI  (NTT) 

306  (ATT) 

Ai 

- 

- 

- 

Bo 

-  66  dBaOp 

-  67  dBmOp 

-  68  dBaOp 

XI 

- 

-  67  dBmOp 
coded  white  noise 

1)  idle  code 
li)  ♦ 

To 

.  75  dBmOp 

•  65  dBmOp 

1)  •  75  dBmOp 
11)  -  65  dBmOp 

4-66  dBmOp  coded  white  noise  with 

variable  de  bias  of  «  7  quantum  steps 

Figure  1  -  Idle  channel  noise  measurement  arrangements  and  limits 


vil)  Inter-channel  crosstalk 


For  both  far  end  and  near  end  crosstalk,  it  was  recognised  that  there  were 
two  contribution.'  to  each.  These  are  termed  local  and  distant  terminal  contributions. 

After  considering  the  various  contributions  and  after  considerable  dl^cu.ssion, 
it  was  agreed  that  the  method  of  defining  crosstalk  in  C.713  is  not  entirely 
satisfactory  since  the  gain  enhancement  effects  that  can  occur  in  encoders  at  very  low 
input  levels  mask  the  real  crosstalk.  A  test  method  that  effectively  evaluates  the 
analogue  crosstalk  la  such  more  appropriate  and  it  was  noted  that  a  number  of  earlier 
contributions  have  been  made  on  this  subject  (COM  SpO-No.  59,  August  1970  and 
COM  XVIII-No.  8).  They  are  all  based  upon  the  concept  of  adding  a  low  level  activating 
signal  Into  the  disturbed  channel. 

Figure  2  illustrates  the  measuring  arrangements  that  are  appropriate  as  a 
basis  for  further  study. 
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Figure  Z  •  Near  and  far  end  crosstalJc 
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viii) 

Go- 

to-retum  crosstalk 

The 

same  comments  apply  to  this  parameter 

as  stated  above  for  near  end 

‘J 

crosstalk. 

However,  the  eventual  limits  may  be  somewhat 

different  because  of  the  less 

stringent  requirement  of  C.712  in  respect  of  this  parameter. 
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lx)  Variation  oT  gain  with  input  level 

It  was  noted  that  this  was  another  parameter  for  which  the  two  postitl-  'e-i 
methods  represent  a  different  level  of  strinjtency;  the  metnoo  oaseo  upon  tne  f 

sine  wave  signals  being  generally  much  more  easy  to  satisfy.  For  the  latter,  a  iplil 
of  the  overall  limit  on  a  1  ;  1  basis  between  the  send  and  receive  sides  was  net 
considered. to  pose  any  real  difficulties. 

The  limits  shown  In  Table  V  are  based  upon  the  figures  in 
Delayed  Contribution  BI  which  are  calculated  assuming  worst  case  addition  for  any 
combination  of  send  and  receive  sides.  The  group  considered  them  suitable  as  the 
basis  for  further  study. 


TABLE  4 

Variation  of  gain  with  Input  level  -  Method  2  (sine) 


Input  level 

Send  or  receive  side 

dBmO 

limit  (dB) 

*  3  -  -  «o 

♦  0.25 

-  60  -  -  50 

♦  0-7 

-  50  ~  -  55 

♦  1.8 

In  the  case  of  Method  1  (noise),  it  was  not  possible  to  agree  on  what  basis 
ttie  overall  limit  should  be  split.  Some  delegates  favoured  an  equal  split  while  others 
thought  a  split  In  favour  of  the  encoder  to  be  more  anpropriate. 

All  delegates  agreed  with  the  view  that  the  requirement  for  the  input  signal 
range  -  55  to  -  60  demO  was  very  stringent  and  possibly  unnecessary.  Bea 'ing  in  mind 
that  these  signal  levels  are  down  in  the  same  order  as  crosstalk  and  noise  signals 
present  on  the  system,  this  point  should  be  studied  further.  As  a  basis  for  this  work, 
it  was  recognised  that  the  Appendix  of  COM  XVIII-No.  252  (Italy)  is  a  useful  document 
and  this  Is  appended  to  this  report. 

7 .  Additional  observations 

During  the  discussions  a  number  of  observations  of  a  general  nature  were 
made.  These  points  were  not  considered  to  be  within  the  terms  of  reference  of  the 
group,  but  are  nevertheless  brought  to  the  attention  of  Working  Party  P/XVIII. 

1)  Some  delegates  noted  the  poor  correspondence  between  the  two  methods 
recommended  for  testing  total  noise  and  linearity  as  defined  in  C.712.  In  particular, 
the  linearity  required  at  very  low  levels  for  the  noise  test  method  is  very  stri.ngcnt 
and  It  Is  recommended  that  the  need  for  this  level  of  performance  should  be  reassessed. 


i 1 )  Some 
to  reflect  the 


Jcicrates  noted  thnt 

results  of  the  study  of  seuirri!-' 
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TABLE  1 


Parameter 

Sew  limits 
required  for 

Comment 

Send 

side 

Receive 

side 

Attenuation  frequency 

/ 

/ 

Envelope  delay 
distortion  and  minimum 
group  propagation  delay 

•  / 

y 

Itnpedence  and  return 
loss 

- 

- 

already  covered 

in  C.712 

Longitudinal  balance 

- 

- 

Idle  channel  noise 

/ 

Single  frequency  noise 

- 

- 

already  covered  in 
in  G.712.  These  are 
only  (^plicable  to 
receive  side 
performance 

Receiving  equipment 
noise 

- 

- 

Discrimination  against 
out-of-band  input 
signals 

already  covered 

G.712.  Only 
applicable  to  send 
side  performance 

Spurious  out-of-band 
signals  at  output 

already  covered  in 
0.T12.  Only 
applicable  to  tbe 
receive  side 
performance 

loteiiDodulation 

Working  Party  2  has 
previously  agreed 
that  it  is  not 
necessary  to 

Mparately  specify 

Total  distortion 
including  QD 

/ 

y 

Spurious  in-band 
signals  at  channel 
output 

1 

t 

,  -  ,  ■  ,i  . 

j 

the  Group  considered 
that  it  was  cot 
necessary  to  i 

separately  specify  j 
this  parameter  ] 
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Appendix  1 

(to  Annex  to  Question  16/XVIII) 

Separate  specification  on  total  distortion  ineludinK 
quantizing  distortion 

(Contribution  from  Nippon  Telegraph  and  Telephone  Public  Corporation) 


1.  Allocation  of  total  distortion  to  sending  and  receiving  sides 

Notations  used  in  the  Appendix  are  shown  in  Figure  6.  The  following 
assumptions  are  considered  here. 

(1)  In  Figure  1,  degradation  in  sending  side,  Ng,  and  degradation  in  receiving 

side  N  ,  are  assumed  to  be  added  on  a  power-s\jm  basis. 

R 

(2)  In  Figure  1,  Ng  is  permitted  a  times  as  much  as  N^.  From  circuit  experiences, 
a  =  2  seems  reasonable. 
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[  DECODER  I 


Figure  1  -  Degradation  in  a  codec 

The  signal-to-total  distortion  ratio  for  the  end-to-end  of  the  codec  is  written  as 
(S/N)gjj  =  S/(Nq  +  Ng  +  Njj) . (1) 

Measuring  separately,  S/N  values  for  a  coder  and  a  decoder  are  respectively  given 
as  follows  : 

(S/N)g  =  S/(NQ  +  N5)| 


(S/N)jj  .  S/(Nq  +  Njj)  j 

Now,  from  Eq.  (I)  and  Eq.  (2),  the  following  inequalities  can  be  written. 


(S/N)g  =  S/(Nq  +  Ng)^  10 


(S/N)„  =  S/(N^  +  Np)  =  1Q 


{S/N)sr  =  S/(Nq  +  Ng  +  Njj)  SIO 


When  a  coder  satisfying  Eq.  (3)  and  a  decoder  satisfying  Eq.  (4)  are  connected,  the 
end-to-end  performance  of  the  codec  should  satisfy  Eq.  (5).  Then,  the  following 
condition  should  be  met. 


From  assumption  (2)  mentioned  above. 


10  -C7C(10  +10  ) 


is  obtained. 
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Now,  curres  c»n  be  drawn  which  represent  Eq.  (6)  and  Eq.  (7)  for  given  f  and 
g.  Since  f  rnd  g  are  dependent  upon  the  input  level,  jg  ,  a  number  of  curves  can  be 
obtained  corresponding  to  jL  .  In  order  to  guarantee  the  existing  G.712  S/X  limit 
when  a  coder  and  a  decoder  are  interconnected,  the  level, which  maximizes 
(g  -  f),  should  be  used.  In  Fig.  7(a),  shaded  area  shows  the  region  where  the  S/N 
of  a  coder-decoder  pair  is  guaranteed  to  satisfy  the  existing  G.712  S/n  limit  even 
ia  the  worst  case.  The  point  P  on  the  curve  corresponding  to  Eq.  (7)  provides  the 
desirable  separated  values  which  maximize  the  permissible  margin  from  the  theoreti- 
eal  S/Nq.  • 

In  the  contribution,  COM  SGXVllI  -  NO.  174,  the  point  Q  was  selected  for  the 
allocation.  Although  the  point  Q  can  provide  the  larger  margin,  the  end-to-end  S/.N 
performance  cannot  satisfy  the  G.7l2  S/n  limit  in  the  worst  case  at  “any  input  level 
except  the  level  to  minimize  (g  -  f). 

The  allocation  method  described  above  enables  to  easily  obtain  the  required 
s/n  increase  from  the  G.712  S/N  limit  and  the  margin  for  manufacturing. 


2.  Numerical  c.>:amples  for  the  sinusoidal  measurement  (Method  2) 

Fig.  7(b)  shows  the  separate  specification  for  b-bit  //-law  encoding  obtained 
with  the  s/n  allocation  method  illustrated  in  Fig.  7(a).  The  required  S/x  increase 
is  2.3  dB  for  a  sending  equipment  and  3 .4  dB  for  a  receiving  equipment .  The 
minimum  margin,  015  and  mjj ,  is  2.7  dB  and  1  .6  dB,  respectively,  which  seems 
realizable  from  a  manufacturing  point  of  view.  In  this  figure,  the  end-lo-ond  S/S 
performance  in  the  worst  case  is  calculated  to  illustrate  that  any  combinations  of 
sending  and  receiving  sides  can  meet  G.712  S/N  limit  at  any  input  level. 

In  Fig.  7(c),  the  separate  S/N  limits  obtained  above  are  applied  to  A-taw 
encoding.  The  minimum  margin,  m3  and  m;^,  is  4.5  dB  and  2.5  dB,  respectively. 

The  end-to-end  S/N  performance  can  satisfy  G.712  S/N  limit  in  the  worst  case. 

Accordingly,  this  separate  specification  may  be  regarded  as  a  possible 
separate  standards  for  Method  2  common  to  both  ju  -law  and  A-law  encoding. 

3,  Numerical  examples  for  the  white  noise  measurement  (Method  I) 

When  the  cross. point  between  Eq.  (6)  at  the  input  level  to  maximize  (g  -  f)  and 
Eq.  (7)  at  the  input  level  to  minimize  (g  -  f)  is  selected  as  a  separation  point,  the 
resultant  minimum  margin.  Mm.  {m3) .and  Min.  (m|{),  is  too  small  to  realize  practical 
circuits  in  case  of  Method  1 .  It  is,  therefore,  necessary  to  change  the  values  of  the 
S/N  increase  from  the  G.712  limit,  depending  upon  the  several  input  levels  corres¬ 
ponding  to  the  edges  of  the  G.7l2  S/N  mask  (Figure  4/G.712).  Fig.  8(a)  shows  a 
separate  spe-ification  of  8-bit ju  -law  encoding  for  white  noise  measurement.  The 
end-to-end  S/N  performance  in  the  worst  case  satisfies  the  G.712  S/N  limit  at  any 
input  level.  Minimum  margin,  Min.  (m3)  and  Min.  (mj^,  is  2.5  dB  and  1  .4  dB, 
respectively. 

For  A-law  encoding,  the  separate  S/n  limits  can  be  specified  in  a  similar 
manner.  Fig.  8(b)  is  an  example  of  separate  S/N  limits  for  8-bit  A-taw  encoding. 

The  separate  specification  guarantees  to  meet  the  G.712  end-to-end  S/.N  limit  in  the 
worst  case  at  any  input  level.  However,  from  a  manufacturing  point  of  view,  it  seems 
•xtremely  severe  to  clear  this  separate  specification  at  low  input  levels  where  mini¬ 
mum  margin,  Min.  (m3)  and  Min.  (m;;),  is  approximately  3  dB  and  2  dB,  respectively. 
Some  relaxation  may  be  necessary  in  this  case. 

According  to  the  numerical  examples  shown  above,  it  may  be  impossible  to  pro¬ 
vide  a  common  separate  S/N  limit  for  both  ^-law  and  A-law  encoding,  when  the  end- 
to-end  s/n  performance  for  any  combinations  between  sending  side  and  receiving  side 
la  required  to  satisfy  the  G.712  S/N  limit  (Figure  4/G.712)  at  any  input  level. 
Further  atudy  may  be  necessary  in  this  connection. 
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——Input  level 

g  ;  Theoretical  S/Nq  (dBl 

f  :  6712  Specification  CdQl 

X  :  Sending  side  specification  (dBJ 

y  :  Receiving  side  specification  (dQ 

ms  ■  Margin  for  manufacturing  sending  equipment  (dg 

mR :  Margin  for  manufacturing  receiving  equipment  Cd3 

it  :  Input  level  ^dBmOl 


■igure  c  -  Explanation  of  the  notation 
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Appendix  2 

{X.O  AnneK  ^  *0  Question  I6/XVJI*) 


Veriation  of  sain  versus  incut  level  {noise  signal.  Method  11 
(Contribution  fron  the  Italian  Adcinistration' 


Particular  care  has  been  taken  when  analyzing  this  perforsance  because  the 
relevant  requi resent  of  Fecosendation  C-712  see=s  to  be  very  stringent. 


Measurecents  on  equipnents  of  different  sanafacturers  indicate  that 
Pecoasendation  G.712  ia  coisplied  with  good  sargins  down  to  input  signal  level  of 
-50  dBaO.  Conversely  the  sargins  are  reduced  when  the  input  signal  levels  ere  less 
then  -50  d^l.  It  has  also  been  observed  that  Hecomsendation  G.712,  concerning  gain 
versus  level,  with  sine-wave  si^.al  (sethod  2)  is  less  restrictive  than 
Hecosendation  G.712  with  noise  signal  (sethod  1);  in  fact  the  fcilowir.g  table  holds 
true  : 


Level 

(da^} 


Margin 

with 

sine-wave  sigr.al 


Margin 

with 

noise  signal 


-60 

-55 

-50 


(not  specified) 

>  2  dB 

>  0.7  dB 


1  dB 
0.5  d3 
0.5  dB 


Margin  *  Becossendation  G.712  sask  aiznis  theoretical  gain  variation. 


On  the  basis  of  these  considerations  a  coaputer  sisulation  has  been  carried 
out  in  order  to  reach  "reasor.able"  separate  lisits  valid  for  the  send  side  and  the 
receive  side,  respectively. 


It  will  be  possible  to  deduce  frea  the  following  discussion  that  the  sispie 
division  by  two  of  the  present  Hetcsaer.dation  G.712  leads  to  tn  excessive 
requireaent  on  the  accuracy  of  the  decision  and  reconstruction  levels. 


At  signal  levels  lower  than  -55  dB^,  it  is  difficult  to  set  separate  li=it; 
in  view  of  the  extreseiy  coarse  quantitation  of  these  signals.  Moreover,  at  these 
levels  no  lisits  are  set  fay  Fecosendation  G.712  for  signs!  to  quantiting  distortion 
ratio. 


For  the  above  reasons,  no  separate  limits  for  gain  variation  have  been 
considered  for  input  levels  lower  than  -55  dSnO. 

Send  side 


la  the  study,  it  has  been  assumed  that 
the  decision  levels,  and  that  the  reconstruction 
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probability  density  of  the  tolerance  within  the 


the  encode! 
levels  of  ! 
carried  ou! 
lentioned  1: 


has  a  i  1C  ?  toleraiit- 
on  I'w  lesis  with  uni 


e  or 


22) 


.s 


I'fl  iMii’ii)i '  ^  ,r  ill'  lii 


I 


rewrti 


On  the  oasis  of 
{ssn4  side  only)  has  been 


stosrt 


oe-es 

CaaaDj 


bead  sine  sain  werss 


->0  <S  <-10 
-55  <S  < -50 


0-3  as 

o  <  dS 


Sigure  A1  also  siwvs  the  histosrass  relative  to  th' 


sisnai-to-qaaatising  distortion  ratio  lOo/5i. 
respect  to  P.eccnsendation  C.712,  there  are  soc 
distortion  ratio,  as  far 


t  is  possible  to  observe  that,  wi 
srsias  ir.  the  sisnal-to-qaantinin 
emed. 


The 


idered  lo  5  tolerance  in 


iisi 


levels  are  "‘reasosahl 


becwsse  they  are  congruent  vith  good  hardware  ispl 


uower  values  seen  an  excessive  require* 
reasonable  cost. 


for 


entat 


at  a 


Receive  side 

In  accordance  with  the  general* trend  expressed  in  (1)  that  sore  stringent 
linits  should  be  applied  to  the  receive  side  than  to  the  send  side,  it  has  bees 
assured  that  a.  *')  '  tolerance  is  cn  the  reconstruction  levels  (decoder)  and  that  the 
decision  levels  (encoder)  are  at  ^ssinal  values. 

The  histogras  obtained  fr^  the  -50  and  -55  input  signals  are  s^-£ 
in  Figure  A2.  5n  the  basis  of  such  histograas  the  following  rash  (receive  side  only) 
has  been  drawn  : 
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Final  remarks 


The  separate  performance  limits  proposed,  appear  adequate  for  equipment  of 
reasonable  complexity. 

It  can  be  noted  that  the  separate  limits  proposed  for  tests  with  noise 
signals  are  still  more  severe  than  those  proposed  for  tests  with  sine-wave  signals. 

It  seejs  reasonable  to  consider  a  statistical  approach  in  defining  separate 
limits.  In  fact,  a  worst-case  analysis  could  easili'  lead  to  the  practical 
impossibility  of  dividing  the  limits  of  Recommendation  0.712  between  send  and  receiv 
sides.  As  an  example.  Figure  AU  depicts  the  worst  cases  of  gain  versus  level  for 
send  side  only  O  <  receive  side  only  ©  and  end  to  end  0  .  To  obtain  the  curves 
of  Figure  AU  the  decision  levels  i.  1«  i.  2,  3,  j;.  **  have  been  assumed  to  be  10  J 

smaller  than  nominal,  while  the  reconstruction  levels  +  1,  1.2,  +  3,  1**  have  been 
assumed  3  ^  greater  than  nominal. 

Obviously  this  case  does  not  satisfy  Recommendation  G.712  neither  for  end 
to  end  nor  for  the  send  side  alone,  the  probability  of  this  case  being  nevertheless 
negligible. 
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QUESTIOri  17/miI  -  Characterisxios  of  PCM  r-uitiplexing  ecuipsient  and  ether 
terminal  equipments  for  vcice  frecnencies 
(Contsnuatioii  of  part  q:'  Quueticr.  t/XVlil,  studied  in  l'J77-l~'CC- 

ooiisid-.-riiiR 

that  reffnt  proprens  ^n  **^*1: i*-  ;^r.  ar  :1  an  n*ai  riten^ira’'-  phit^* 
studies  niight  resuit  in  a  need  for  r.ou;ficat icn  of  the  present  Secomnsendations  or.  PC;'. 
multiplexing  equipment; 

that  studies  on  en*.  .'ding  methods  of  speech  and  voice-band  signals  other  than 
PC.'^  and  also  studies  on  higher  order  PCM  .Tiultiplexing  equipment  might  result  in  a  need 
for  recommending  new  terminal  equipments  for  v.oice  frequencies; 

a)  Vhat  modifications  to  existi'ng  Pecccmendations  G. 731-733  and  G.‘?bl  should  ce 
made  ? 

b)  Vliat  new  terminal  equipment  should  be  recommended  for  voice  frequencies 
other  tnan  those  recotanended  in  Recommendations  G.732,  G.733  and  G.?**!  " 

note  :  Coding  parameters  for  analogue-to-digital  conversion  processes,  other  than  PCM, 
will  be  studied  under  Question  7/XVaII. 


OUESTIOI!  18/XVIII  -  .Characteristics  of  digital  mtdtipiex  equipment  and 

multiplexing  arrangements  for  telephony  and  other  signals 

(Continuation  of  part  of  Question  S/XVIII,  studied  in  1977-1980) 

considering 

that  the  introduction  of  large-capacity  digital  transmission  systems  as  well 
as  wideband  encoders  for  video  signals  may  require  Recommendations  on  higher-order 
hierarchical  levels  and  associated  digital  multiplexing  equipment; 

that  octet- interleaved  synchronous  multiplexes  may  find  wider  or  more 
flexible  applications  in  digital  networks; 

that  the  progress  in  the  digital  network  structure  studies  may  result  in  the 
modification  of  the  present  Recommendations  or.  digital  exchange  terminals  or  definition 
of  new  multiplex  arrangements  between  exchanges; 

what  new  or  modified  arrangements  or  characteristics  for  the  following 
applications  should  be  recommended  7 
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digital  multiplex ■ equipment  using  justification; 

-  synchronous  digital  multiplex  equipment; 

-  multiplexing  arrangements  and  related  characteristics  to  be  used  betveer. 
digital  exchanges. 

In  particular,  the  following  specific  points  require  study  : 

Point  a)  -  What  modification  is  required  in  the  existing  Pecom-mendaticns  relevant  to 
digital  multiplex  equipment  using  justification  techniques  (G.7!»2,  G.7~3,  etc.)  V 

Point  b)  -  Wliat  higher  order  or  non-hierarchicai  digital  multiplex  equipment  uiir.r 
justification  should  be  recommended  (see  Question  19/XVIII)  ?  In  particular  : 

1)  above  the  fourth  order  at  13926Ii  Kbit/s 

2}  above  the  third  order  at  32061*  or  l*!i736  Kbit/s 

Point  c)  -  In  defining  the  specifications  pertinent  to  points  a)  and  b)  above,  should 
provisions  be  made  to  multiplex  the  n-th  order  signals  directly  to  (n*!B)-th  order 
(m  >  2)  ? 

Point  d)  -  What  modification  is  required  in  the  existing  P.ecoiaaendaticns  relevant 
to  synchronous  digital  multiplex  equipment  and  multiplex  arrangement  for  use  with 
digital  exchanges  (0.731*,  0.735,  G.736,  0.737,  G.738,  G.739  and  G.7l*6)  ? 

Point  e)  -  What  new  Recommendations  are  required  in  the  area  of  point  d)  above  7 

Point  f)  -  What  conditions  could  be  set  concerning  the  use  of  service  bits  defined  in 
the  multiplex  frana  structures  7 

Mote  :  If  interfaces  should  be  specified  for  access  to  these  bits,  reference  should  be 
made  to  the  studies  undertaken  under  Question  3/XVIII. 
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QUESTIOn  19 /XVI I I  -  Network  aspects  of  existing  and  new  levels  in  the 
digital  hierarchy 

Considering 

a)  that  the  digital  network  is  expected  to  expand  both  in  the  trunk  ana  the 
local  area; 

b)  that  services  other  than  telephony  and  data  will  have  to  be  accoamodated  in 
the  network  and  are  expected  to  sliare  the  facilities  to  be  provided; 

c)  that  new  technological  development  may  enable  efficient  use  to  be  made 
of  existing  and  new  transmission  media; 

d)  that  the  introduction  of  new  services  may  require  tne  provision  of  new 
levels  in  the  digital  hierarchy. 

1.  What  levels,  if  any,  in  the  digital  hierarchy  should  be  defined  in  addition 
to  those  already  recommended  by  CCITT  1 

2.  What  should  be  the  basic  characteristics  of  multiplexes  (transmission 
capacity,  frame  structure,  service  and  maintenance  facilities  to  be  incoxporated) , 
which  will  serve  as  a  basis  for  the  subsequent  studied  directed  as  establishing 
recoBsaendations  for  equipments  ? 


Note  1  :  When  new  hierarchical  levels  are  defined,  account  should  be  taken  of  (e.g. 
their  possible  use  for  various  services). 

Note  2  ;  The  characteristics  of  digital  line  and  radio  sections  are  studied  under 
Question  11/XVIII. 


(to  Question  19 /XVIII ) 

Summary  of  the  study  perfcmed  during  the  1977-1980  study  period 
concerning  digital  transmission  of  sound  DroprarBae  signals 


Various  proposals  for  digital  transmission  of  sound  programme  signals  are 
summarized  in  Table  1.  It  is  noted  that  this  Table  is  only  for  information  purpose. 

The  Appendix  gives  the  reply  to  CMTT  concerning  digital  transmission  of 
sound  programme  signals. 
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iinns 


nsi?er:six 

ZQ  Question  19/:v.”II} 


concfgrrninr  aizizB.!  trar>sn:i£sicn  of 

sour.d^srorrajnnie  5ign:ils 


1*  IntroductaoR 

In  Drlnyrd  Contri^ution  P  of  Study  '>roup  XVIIT  (droft  revision  of 
Report  6t7/CJ»rTl  C*'!T  mH  Study  '/roup  XVIIl  severml  questjors  reletine  to  the 
disital  trknsBission  of  sound  proerasne  siimsls.  tliese  question;  ate  found  in 
Annex  1  of  the  Dociunt  P  /  C!TT/30l(Rev.i)_7. 

The  questions  relate  to  itea-  vhieh  ar.e  at  present  under  study  in 
Study  Croup  XVIII.  Consequently  this  -•ocuatent  is  ar.  intersn  r*ply  and  further 
infn-«ation  uill  be  fomrded  uhen  it  is  available. 

i.  Specific  ansvers 

i)  Error  rate,  error  distribution,  etc. 

These  factors  and  their  subdivision  asions;  various  parts  of  the  total  networr 
are  currently  bein*  defined  In  Question  I/XVIII.  ."iecosasnciatior.  G.321  gives  the 
results  of  t.se  studies  to  date. 


iij 


Access  to  the  aetvork 


a)  The  ouaber  of  sound  progTsisse  circuits  required  or.  internaticr.al  connections 
is  generally  supposed  to  be  sssailer  than  priaary  level  digital  path  capacity  which  is 
equivalent  to  thirty  or  twenty-four  voice  channels  Consequently,  io  the  ca.ee  of 
digital  sound  prograssss  transsission,  it  seens  tc  oe  very  advisable  to  standsrditr 
tersinal  station  arrangesent  which  will  allow  the  cost-effective  Joint  use  of  the 
Pfiasry  level  digital  paths.  For  this  application,  the  gross  bit  rate  of  a  digit ited 
15  kHz  sound  prograae  sigr.al  of  331*  kbit.'s  seess  adequate  to  Study  Group  .r.'-Il.  Tv,, 
access  to  the  pricary  level  should  be  either  through  a  new  electrical  interface  or* 
through  an  existing  SSI'S  or  15I*1*  kbit/s  interface  (cf.  Becotscndation  G.703). 

b)  Where  the  entire  prinary  level  digital  path  is  dedicated  to  a  rusher  of  sou.-.d 
channels  the  access  aay  be  at  the  proMry  bit  rate.  The  gross  bit  rate  of  a  digitized 
15  JtJit  sound-prograa^  channel  my  be  38<*  kbit/s  (5  channels  in  20l*8  kbit/s,  k  c.hannels 
in  15I*I*  kbit/s).  However,  in  the  case  of  20*i8  kbit/s  hierarchy,  it  could  be  reduced 
below  381*  kbit/s  in  order  to  provide  6  charnels  on  one  20I»8a  kbit/a  digital  path. 

In  the  latter  case  it  could  be  necessary  to  deline  a  fraae  structure  of  the 
2018  kbit/e  signal  different  froa  that  rec<»Bended  in  Recomendation  C.732. 


3Sync;jroncjs  access 


case  ii  (a) 


wr.ere  tr.e  priory  multiplex  level  shared  with  other  services  such  as 
telephony  or  data,  tne  access  lo  the  prirAry  l*^ve3  be  synchronous  with  the 

;nis  wjii  iCad  to  iow-cost,  sjngie— channel  basis  digital  interconnect  i 
including  svltcr.ir.g  or  rtulti -Junction  l^-tvcen  twe  '>r  Kore  priaary  digital  paths. 


signals  t? 

of  the  c*  niralio-’d-clcch,  :'odir*r*  ionai  or  contradictional  interface  as 


synenrentt**  sound  prograise  codecs 
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In  ihe  case  where  the  introductl ar.  if  syncnron; 'at , 'n  in  iir.tai  networks  :s 
unlikely  to  be  geared  to  tne  needs  of  digital  sound  rrsgrvete  trsr  —  .^i.sr.  and  taking 
into  account  the  evolution  towards  a  synchrnr^as  network,  the  access  to  the  prtnary 
level  should  be  in  such  a  way  as  to  allow  asyr.chroneus  operation  using  justificatien 
technique. 


The  content  of  a  digital  signal  at  3Sb  kbit/s  should  be  defined,  which 
includes  a  sail  1  asount  of  spare  capacity  for  housekeepir^  functions  inciudir^C  tne 
justification  inforsation  (not  sere  tiian  a  few  kbit/s). 

Study  Croup  XVIIl  shall  define  a  itultipleaing  -ethod  for  synchronous  ac'ess 
(which  will  not  sake  use  of  this  spare  capacity  for  justification)  and  for  as..T.chronou3 
access  (which  does  sake  use  of  the  spare  capacity). 

The  systes  concept  envisaged  is  given  in  Figure  1.  Study  Croup  XVI • I  will 
decide  later  if  a  new  digital  interface  should  be  specified  ur  not. 

It  is  expected,  that  tne  clock-frequency  inaceurracies  of  the  encoder  and  of 
the  parts  of  the  network,  in  the  case  of  asnehronous  access,  will  not  be  sore  than 
>  50  pjB  each. 

b)  in  case  ii  (b)  : 

Since  a  cosplete  priaary  level  is  used,  the  access  need  not  be  synchronous 
with  the  rest  of  the  network.  If  switching  in  the  digital  code  of  sound  prograse 
channels  is  envisaged,  slip  will  occur  unless  the  total  network  ineolved  is 
synchronized. 

iv)  Tariff  principles 

Tariff  principles  are  not  the  responsibility  of  Study  Group  XVIII. 

v)  Aspects  of  ailtiplexing  and  network  syrehronization 

CCITT  has  recosKcnded  in  Recocsendation  3.311  that  the  international  digital 
links  should  be  operated  in  a  plesiochronous  sanner  with  reference  clock  of  very  high 
accuracy  (10”^^).  This  iaplies  that  the  national  networks  are  either  fully  synerxonous 
or  plesiochronous  with  the  saae  accuracy. 

It  is  pointed  out  that  a  slip  rate  of  1  slip  in  70  days  per  plesiochronous 
interconnection  is  the  resulting  theoretical  slip  rate,  taking  into  account  clock 
accuracies  accordir.g  to  Hecotaendation  G.3li  only.  However,  account  should  also  be 
taken  of  practical  network  characteristics  encountered  under  ncraal  operating  conditions 
even  where  synchronized  national  networks  retain  synchronized.  As  a  guide, 
draft  Reco^endation  G.322  for  «  61*  kbit/s  erji-to-end  connection  (switched  or 
permanent),  motions  suggested  value  of  1  slip  in  5  hours. 


Digital  sound  progra^e  channel  interconnection  c 
frequency  adaptation  if  the  teroir.ai  stations  belong  to  the 
Giaple  frequency  adaptation  by  near.s  of  slip  technique  is  p 
st-itions  belong  to  different  syr.c.hronous  networks  with  the 
in  Recceaendat ion  0.311. 


an  be  realized  wit.hcut 
sase  synchronous  netw 
ersitted  if  the  temir. 
clock-accuracy  as  spec 


any 

orK. 


ai 

ified 


(22) 


COM  XVIII-Ho-  1-E 


ir.  *  hv  ^‘.ojution  towars:^  ‘ 
likely  Ve  opera; -J  a*,  lover  clock  accuracies 
and  J.T33  (5  x  lO"'’}.  In  t!,:s  case  the  scun; 
all  asynciU'onojs  interconnecting  points,  or  • 
interfaces. 


'nis  sitaatior:  the  terr.iisal  ‘-tat ion  will 
as  specifie-i  by  Seconrnendat  i  ins  0.731 
;  prograaac  signal  should  tc  Justified  at 
he  interconnect  ion  stiould  Le  at  analogue 


It  is  noted  tnat  the  above  synchronous  interconnection  applies  without  any 
restriction  as  long  as  the  Teiecocstunieation  Adjninistrations  are  responsible  for 
teminal  station  includi.ng  encoding,  in  the  event  that  encoding  should  becosse  the 
responsibility  of  the  Broadcasting  Organizations,  it  is  only  applicable  if  their  clocks 
are  in  synchronism  with  that  in  the  network  of  the  Administration  concerned. 


9  kHz  channel  ii  indicated 
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Ls^  of  Questions,' 
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Sxasxinarion  of  the  Que-ticns  drafted  by  Study  Groups  III,  IV,  VII,  XI,  XVl 
and  XVIII  re'/eals  that  each  Group  intends  to  study  various  aspects  of  the  ISIH.  In 
order  to  avoid  overlapping  and  pcssibly  conflicting  results  the 

Vllth  CCITT  Plenary  Assenbly  agreed  that  the  areas  of  responsibility  for  the  study 
of  ISDN  should  be  assigned  as  follows  : 


■Assifx  to  : 


1. 


2. 


U. 


Services  and  facilities  interpretation  and  coordination  XVIII 

(taking  into  account  the  requirersents  identified  by 
Study  Groups  I,  II,  III  and  VII). 

General  ISDN  aspects  and  guidelines,  quality  of  service,  XVIII 

nunbering,  perfonrance  targets,  maintenance  principles 
and  miscellaneous  subjects  not  more  specifically 
identified  (taking  into  acco\mt  the  requirements  of 
Study  Groups  I,  II,  IV,  VII,  XI,  XVII,  and  CMBD). 

Note  :  It  is  considered  that  Items  1  and  2  above  are 
of  high  priority. 

Digital  transmission  standai’ds  and  performance  (local  XV/XVIIJ 

and  intei^-exchange ) .  The  study  of  hypothetical 

reference  connections  is  in  the  competence  of 

Study  Group  XVIII,  the  study  of  hypothetical  reference 

digital  paths  is  in  the  ccsspetence  of  the  specialised 

Study  Groups  of  CCITT  and  CCIR,  the  study  of  reliability 

and  availability  is  to  be  coordinated  by  CMBD. 

Note  :  Also  of  interest  to  CCIR. 

Switching  aspects  and  parameters  (taking  into  account  ^ 

the  requireMnts  identified  by  Study  Croups  VII,  XVII 
and  XVIII }. 

Note  :  In  the  case  of  mixed  mode  switches  (e.g,  ISDN 
circuit  and  packet)  other  Study  Groups  will  also  be 
consulted. 

Inter-exchaage  signalling  system  (Message  Trar.=fer  Part  XI 

(MTP)  and  appropriate  User  ?art(s))  (taking  into  acco’unt 
the  requirements  identified  by  Study  Groups  VII  and  IX). 

Subscrioer-exchange  signalling  system  (taking  into  XI 

^couiit  the  requirements  identified  by  Study  Groses  I, 

II,  VII  and  XVII  and  coordinated  by  XVIII  -  see  Item  2). 
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Assifx*  to  : 

Subscriber-network  interface 

i) 

Interface  B 

XI 

ii) 

Interface  A  -  Voice  services 

XI 

iii) 

Interface  A  -  Non-voice  services  ■ 

VII/XVII 

iv) 

Interface  A  -  Alternate  voice/data 

vii/xi/r/ii 

:  Close  collaboration  between  Study  Groups  VII,  XVII 
i.nd  XI  will  be  required  to  ensure  eoapatibility  between 
'i  ii),  iii),  iv)  and  the  subscriber  signalling 

system  identified  in  6. 

Interworking  (inter-service  and  inter-network) 

i) 

Data 

VII 

ii) 

Telex 

IX 

iii) 

Telephone 

XI 

iv) 

Data  over  the  telephone  network 

I/II/XVII 

v) 

Teletex 

I/VIII 

vi ) 

Facsimile 

I/VIII 

Note  :  Collaboration  between  the  Study  Groups  referred 
to  above  will  be  required  to  ensure  conq>atibility  in  the 
carriage  of  the  various  services  on  ISDN  and  other 
networks . 

Digital  telephone  instrument 

XII 

Tariff  aspects 

III 

SlilSuusiiij 
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*  ®  CCITT-J3WO 


LEGEND 


ST 

Subscriber  terminals 

NT 

Network  termination 

LT  - 

Line  terminal 

SET  - 

Subscriber  line  exchange 
termination 

— Ijt— 

III 

Functional  interfaces  A,  B, 

Subscriber  line  transmission 

Figure  1  -  Possible  functional  interfaces* ^  in  digital  local  access 


*) 


"Interface"  -  "a  concept  involving  specification 
rage  69 >  Orange  Book,  "Definitions" 


the  interconnection 
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